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It is llkewife ncccffary on this occafion to remark, that it is an efla- 
blilhed mle of the Society, to which they will always adhere, never to 
give their opinion, as a body, upon any fubjeft, either of Nature or Art, 
that comes before them. And therefore the thanks, which are fre- 
quently propofed from the chair, to be given to the authors of fuch pa- 
pers, as are read at their accuftomed meetings, or to the perfons through 
•whbfe hands they receive them, are to be confidered in no other light 
than as a matter of civility, in return for the refpeft fliewn to the Society 
•by thofe communications. The like alfo is to be faid with regard to 
the feveral pro] efts, inventions, and curiofities of various kinds, which 
are often exhibited to the Society ; the authors whereof, or thofe who 
exhibit them, frequently take the liberty to report, and even to certify 
in the public news-papers, that they have met with the 'high eft applaufe 
and approbation. And therefore it is hoped, that no regard will here- ■ 
after be paid to fuch reports, and public notices ; which in fome inftanccs 
have been too. lightly credited, to the difhonour of the Society. 
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L An Account of a Woman in the Shire of Rofs living 
without Food or Drink. By Dr. Mackenzie, Phyfician 
at New Tarbat. Communicated by the Right Honourable 
James Stewart Mackenzie, Lord Privy Seal of Scotland. 

TO SIR JOHN PRINGLE, BART. P. R. S. 

Hill- Street, 

SIR, ]««° S» »77«- 

Head Nov, 7, T HERE iiiclofe the cafe of the failing 
A in Rofs -ilr ire, Authenticated f>y 

Mr. mac leod the fheriff, and feveral juiliccs of the peace 
of that county; that, in cafe you lhall think it \yorthy 
to have a place in the Philofophical Tranfa£tions, it may 
he inferted therein. I am, with great regard, sir, 

Your jnoft obedient lnunble fervant, 

' : - J. S. MACKENZIE. 

Voi, LX VII. 15 JANET 
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I)r. MACKENZIE’S ACCOUM of 


JANET MAG LEOD, unmarried, aged thirty- 
three years and feme months, daughter of donald mac 
LEO t), tenant in Croick, in the parifh of Kincardine, and 
flute of Rofs ; in the fifteenth , year of her age had a 
pretty fliarp epileptic fit : fhe had till then been in perfect 
health, and continued fo till about four years thereafter, 
when Ihe had a fecond fit, which lafted a whole day and 
night; and a few days afterwards, Ihe was feized with a 
fever of feveral weeks continuance, from which fhe had 
a flow and very tedious recovery of feveral months. 

During this period fire loft the natural power of her 
eye-lids, was under the neceflity of keeping them open 
With the fingers of one hand, when fhe had any thing* 
to do with the other, went out, or wanted to look about 
her; in every other refpeft fhe was in health and tolera- 
ble fpirits, only here it may be fit to remark, that flic 
never had the leaft appearance of the menfes , but peri- 
odically fpit up blood in pretty large quantities, and at the 
fable time it flowed from the nofe. This vicarious dif~ 


charge, according to her mother’s report, happened ire— 
! bve'fy ' rnbhth for feveral years. 

h&fa ago,, a little before which time tlfe 
ied periodical difeharge hacl difappeared 
. £ tj w hich was immediately 

deeded 




a Woman living without Food or Drink. 3 
reeded by a fever of about a week’s continuance, and of 
Which Ihe recovered fo {lowly that die had not been, out 
of doors till fix weeks after the aids ; when, without the 
knowledge of her parents or any of the family (who 
v r ere all bulled in the har veil-field) Hie Hole out of tin 
houfe, and bound the corn of a ridge before they ob 
ferved her. On that fame evening flic took to her bed 
complaining much of her heart and head ; and lince, fir 
has never rifen out of it except when lifted, has feldon 
fpoken a word, and has had fo little craving for fool 
that at firlt it was by downright compulfion her parent 
could get her to*take as much as would fupport a fuels 
ing infant : afterwards fhe gradually fell off from takin 
even that fmall quantity ; infomuch that, at Whitfur 
tide 1763, fhe totally refuted food and drink, and her ja* 
became fo fall locked, that it was with the greatefi: dill 
culty her father was able with a knife or other metlioi 
to open her teeth fo as to admit a little thin gruel or who 
and of which fo much generally run out at the corn^ 
Of her mouth, that they could not be fenfible that a} 
of it had been fwallowed. , , j 

Much about this time, -that is, about four years a$j 
they got a bottle of the water from a noted medicit 
fpring in Brea-m.ar, of which they endeavoured to , 
her to by pouring 

» .■ ’ 1 ' . B a ; ‘ ' ■ . betw< 
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between her lips (her jaws all the while fafh locked) but 
it all run out. With this, however, they rubbed her 
throat and jaws, and continued the trial to make her 
(wallow, rubbing her throat with the water that run out of 
her mouth for three mornings together. On the third 
morning during this operation, fhe cried, Give me more 
water; when all that remained of the bottle was given 
her, which fhe fwallowcd with cafe. Thefewere the only 
words fhe fpoke for almoft a year, and fhe continued to 
mutter fome more (which her parents underftood) for 
:wel've or fourteen days, after which flie fpoke none, and 
rejected, as "formerly, all forts of nourifhment and drink, 
till fome time in the month of July 1765, when a lifter 
af hers thought, by fome ligns that fhe made,, that fhe 
wanted her jaws opened; which her father, not without 
violence, got don<?, by putting the handle of a horn-fpoon 
between her teeth. She faid then intelligibly, Give me 
a drink ;, and drank with eafe, and all at one draught, 
about an Englifh pint of water. Her father then afked 
her, Why ilie would not make fome figns, although fhe 
could' not' fpeakj when fhe wanted- a drink?; She an- 
swered, why fhoul&fhe. when, fhe haA^O/, "At 

afunder with a bit of wood, 
maginingfhe gl>t ber fpeech by her jaws being opened, 
md continued them thus wedged for about twenty, days, 

3 though 



a Woman living without Food or Drink. 5 
though in. the firft four or five days.fiie had wholly loft 
the power of utterance. At laft they removed the wedge, 
as it gave her uneafinefs, and made her lips fore. At 
this time Ihe was fenfible of every thing done or faid 
about her;, and when her eye-lids were opened for her,, 
Ihe knew every body; and. when the neighbours in their 
vifits would be bemoaning her condition, they could ob- 
ferve a. tear ft and in her eye.. 

In fome of the attempts to open her jaws,, two of the 
under fore-teeth were forced out; of which opening 
they often endeavoured to avail themfelves,.by putting 
fome thin nourifliing drink into her mouth ; but without 
effeft, for it always returned by the corners ; and, about a 
twelvemonth ago,, they thought of thrufting a little 
dough of oatmeal through this gap of the teeth, which 
flie would retain a few feconds, and then return with, 
fomething like a {training to vomit, without one par- 
ticle going down: nor has the family been fenfible,, 
though obferving, of any appearance like that of 
fwallowing, for now four years, excepting the fmall 
draught of Br.ea-mar water and the Englifh pint of com- 
mon water;, and for the. laft three years file has not had 
any evacuation by ftool or urine, except that, once or 
twice a week, flie has, palled a few drops of urine, as the 
, parents exprefs jf^abou^as , much, wp^ct ..^vet the fitf* 
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face of a half-penny ; and even fmall as this' quantify is, 
it gives her fame imeafinefs till ilie voids it: for they 
know all her motions, and when they fee her thus un- 
•eafy, they carry her to the door of the houfe, where ihe 
•makes thefe few drops. Nor have they, in all thefe 
three years, ever difeovered the fmalleft wetting in her 
"bed; in proof of which, notwithflanding her being fo 
long bed-ridden, there has never been the leaft excoria- 
tion, though Ihe never attempts to turn herfelf,or makes 
any motion with hand, head, or foot, but lies like a log 
of wood. Her pulfe to-day, which with fome difficulty 
I felt (her mother at this time having raifed her, and ffip- 
ported her in her bed) is diftindt and regular, flow, and 
to the extremeft degree fmall. Her countenance is clear 
and pretty frefh, her features not disfigured nor funk ; 
her fkin feels natural both as to touch and warmth ; and 
to my aftonifhment, when I came to examine her body, 
for I expedled to feel a fkeleton, I found her breafts 
round, and prominent, like thofe of a healthy young 
woman ; her legs, arms, and thighs, not at all ema- 


ciated; the abdomen fomewhat tumid, and the mufcles 
h^r; : knees i bent, and her ham-firings tight as a 
j^;hdels'-ldmQ''ft clofe to th nates. When 
'p put a little water within her 
dewy foftnefs ph her 
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fkin; fhe fleeps much, and very quiet; but when awake 
keeps a conftant whimpering like a new-born weakly 
infant, and fometimes makes an effort to cough. At pre- 
fent no degree of ftrength can force open her jaws. I 
put the point of my little finger into the gap in her teeth,, 
and found the tongue, as far as I could reach, foft and 
moift ; as I did with my other fingers the mouth and 
cheeks quite to the back teeth. She never can remain 
a moment on her back, but always falls to one fide or to 
the other; and when her mother fat behind her in the 
bed, and fupported her while I was examining her body,, 
her head hung down, with her chin clofe to her bread:,, 
nor could I with any force move it backwards, the 
anterior mufcles of the neck being rigid, like a perfon 
in the emprojlbotonos y and, in this pofture flie conftantly 
lies. . , 


The above cafe was taken in writing this day, at the 
difeafed woman’s bed-fide, from the mouths of her fa- 
ther and mother, who are known to be people pf great?' 
veracity, and <rre under no temptation to deceive; for 
they neither afk, r expect,. or get any thing: their daugh- 
ter’s fit nation is a very great mortification to them,; and* 


univerfally known and regretted by ah their neigh- 
bours. I had r 

■ ' ' 1 : 1 (a) The fami !y ipokc only #rfc, ' , ; , , 1 \ ; ; ■ ' ' ■! i, . . 


to> 



8. ’ Dr. Mackenzie’s Account of 

to the minifter of the parifh, and David Rofs, at the 
Craig of Strath-Carron, their neighbour and one of the 
elders of the parifh, who verified from his own know- 
ledge all that is above related. The prefent fituation and 
appearances of the patient were carefully examined this 
■sift of October, 1767, by Dr. a-lexander Mackenzie, 
phyfician at New Tarbat; who likewife, in the month 
of October, 177a, being informed that the patient was 
recovering and ate and drank, vifited her, and found 
her condition to be as follows : about a year preceding 
this laft date, her parents one day returning from 
their country labours (having left their 'daughter as 
for fome years before fixed to her bed) were greatly 
furprized to find her fitting on her hams, on the fide 
of the houfe oppofite to her bed-place, fpinning 
with her mother’s diftaff. I alked, whether the ever 
ate or drank? whether fiie had any of the natural 
evacuations? whether fhe ever fpoke or attempted to 
fpeak ? Andwas anfwered, that fire fometimes crumbled a 
bit- of 0^ or barley cake in the palm of her hand, as if to 


^eed.- a. little crumbs of this into the 

" ' " ■ ' *- 3 ^ *"- Vvfc time' in 


gap of her 


her mouth, and then ;hier hand 

'V 1 ■, , . y. , • 'V" 1 ' V’vi, Jj' f f'fi' 'JTW ' , (l ' 

a little water,' :tiusvb&cfi'or twice a- 


5*4 


L 1 '"'.t 1 'Jr ,1 AfiJ ± 


t ,~ /'■' Kff! ir^!t ■ . , ' 

day, and even that were in- 

• ■ f) ' proportion 
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proportion to tlie inge/la; that fhe* never attempted- to 
fpeak; that her' jaws were ftill fait -locked* her ham- 
firings tight as before, and her eyes fintt. O11 my open- 
ing her eye-lids I found the eye-balls turned up under 
the edge of the os frontis , her countenance ghaftly, .her 
•complexion pale, her fkin flirivelled and dry, and her 
whole perfon rather emaciated ; her pulfe with the ut- 
moft difficulty to be felt. She feemed fenfible and 
tradfable in every thing, except in taking food; for, at 
my requeft, fhe went through her different exercifes, 
fpinning on the diftaff, and crawling about on her hams, 
by the wall of the houfe, with the help of her hands : 
but when fhe was defired to eat, flie fhewed the greatefe 
reludtance, and indeed cried before fire yielded ; and this 
was no more than, as I have faid, to take a few crumbs as 
to feed a bird, and to fuck half a fpoonful of milk from 
the palm of her hand. On the whole, her exiftence ( was 
little lefs wonderful now than when Ifirft faw her, when 
fhe had not fwallowed the lmalleft particle of food for 
years together. I attributed her tbunnefs and wan' com- 
plexion, that is the great change of her looks from. What 
I had firft feen when fixed to her bed, to her exhaufiing 


too ipuch of the-JaMva by fpipning flak, m diftaff, 
; apd 
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as fhe did the flax. The above was her fituation hi 
October, 177 2; and within- thefe eight days I have been 
told by a neighbour of her father’s, that the hill con- 
tinues in the fame way, without any addition to her flip- 
port, and without any additional ailment. 


New Tartar, 
April 3, 17,75. 


ALEX. MACKENZIE. 


At Croickj the fifteenth Day of June, x 77 5 . 

T O authenticate the hiftory fet forth in the preceding 
pages, donald mac leod, of Granics efq. lheriff depute 
of Rofs-fhire, george munro efq. of Cuteain, Simon - 
ross efq. of Gladfield, Captain george Sutherland of 
Elphin, all juftices of the peace; Meffieurs william 
smith preacher of the gofpel, john Barclay writer in 
Tain, hugh ross ftudent of divinity, and Alexan- 
der mac leod, did come to this place, accompanied by 
the above Dr. Alexander Mackenzie phyfician at 
N e w T afbat, and after explaining the purport and mean- 
ing of the above hiftory to donald mac leod father to 
janet Mic EEOhbibqy^nentioned, and to david ross 
elder ih ' the , pafhh'<'q|^g^dini ^ lyhb lives in the clofe 
neighbourhood of this place, a$d ; 'wRs one of the cloffcor’s 
original interpreters; they, to our full fatisfa&ion, after 
- ! 'i;X , . , 1 ' ' a minute 
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a minute examination, authenticate all the fadts fet forth 
in the above .account : and, for our further fatisfadtion, 

■ we had janet mac leod brought out before, us to the 
open air, when the doctor difcovered a very great im- 
provement in her looks and health lince the period of 
his having feen her laft, as now fhe walked tolerably 
upright, with a little hold by the wall. And notwith- 
ftanding her age, which, upon inquiry, we found to be 
exactly as fet forth in the above account, her counte- 
nance and looks would have denoted her not to be above 
twenty years of age at moft. At prefent, the quantity of 
food flie ufes is not above what would be neceffary for 
the fuftenance of an infant of two years of age. And we 
do report, from our knowledge of the above men, and 
the circumftances of the cafe, that full faith and credit 
is to be given to every article of the above hiftory. 


WILLIAM SMITH. 
JOHN BARCLAY, N. P 
HUGH ROSS. 

ALEX*. M c LEOD. 


DON 35 . M c LEOD, SH. DEP. 
GEO. MUNRO, J. P. 

SIMON ROSS, J. P. 

GEO. SUTHERLAND, J, P« 
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II. On the Vfefulnefs of wq/hlng and rubbing the Stems of 
■ frees, to promote their Annual Increafe . In 'an Ex- 

trad? of a Eetter fr&m Mr. Marlham to the Lord Bi/loop 
of Bath and Wells. 

Read j^6’ 14> T HAD for feveral years intended to put in, 
A pra6tice the celebrated Dr. hales advice 
of wafhing, with that of Mr. evelyn of rubbing the 
ftem of a tree, in order to increafe its growth;, but other 
avocations prevented me till the laft fpring: when, as 
foon as the buds, began to dwell, I wafhed nay tree round 
from the ground to the beginning ©f the head ; viz. be- 
tween thirteen andfourteen. feet in height, . This was 
done firft with water and a ftiff flioerbraflj, until the 
tree was quite, cleared, of -the mofsrqnd, dirtf .then I only 

I repeatedtheiW^hing 
. si week,, during Ml 1 the drytime 

Of the fpring add the fore-part of the fummer ; but after 
the rains were frequent, I v^feidom wafhed. The ua- 
wafhed tree, whofe growth I propped to compare with 
it, was (at five feet from t!ft g^otind) before the laft year’s, 
increafe, 3 ft. 7 in. ^ths ; arid in the autumn, after the 
? year’s 



wajhing and rubbing the Stems of Trees. 1 3 
year’s growth was compleated, 3 ft. 9 in. -^th; viz. in- 
creafe 1 in. — ths. The wafhed tree was laft fpring 3 ft. 

7 in. ~ths, and in the autumn it was 3 ft. 9 in. -~ths ; 
viz. increafe 2 in. ^ths, that is, one-tenth of an inch 
above double the increafe of the unwafhed tree. As the 
difference was fo great, and as fome unknown accident 
might have injured the growth of the unwafhed tree, I 
added the year’s increafe of five other beeches of the fame 
age (viz. all that I had meafured), and found the aggre- 
gate increafe of the fix unwafhed beeches to be 9 in.—ths, 
which, divided by fix, gives one inch and five-tenths and 
an half for the growth of each tree ; fo the gain by walk- 
ing is nine-tenths and an half. To make the experiment 
fairly, I fixed on two. of my largeft beeches,, fown in 
1741, and tranfplanted into a. grove in 1749. The. 
wafhed tree had been, . from the firft year, the largeft. 
plant till the year 1767, when its rival became and con- 
tinued the largeft plant, until 1 began to wafli the other: 
therefore I fixed oh the lefs thriving tree as the faireft 
trial. The trees were nearly of the lame height and. 
fhape, fpreading a. circle of. about fifty feet diameter. I 
think it neceflary to mention thefe circumftances ; for 1 
know by experience, that alhort and fpreading. tree, 
having ample room, will increafe twice or three times., 
and perhaps four times as much, as 4 taU fmall-headed 

, tree. 
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tree of tlie fame age, that Hands near other trees. Thus 
my w allied -beech increafed above fix times as much as 
Mr., drake’s beautiful beech at Shardeloes, though that 
tree feemed in good health when I faw it in 1759 and 
2766. But it increafed only a in. —ths in thofe feven 
years ; which may perhaps be owing to its vaft height, 
being feventy-four feet and a half to the boughs (as the 
late knight of the fibre for Suffolk, Sir john rous, told 
me that Mr. drake had informed him) only fix feet and 
four inches round, .and having a final! head, and little 
room to fpread. 

Stratton, 06 t, 29, 1775. 
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IH. Dif cover ies on the Sex of Bees , explaining the Manner 
in which their Species is propagated', with an Account 
of the Utility that may be derived from thofe Difcoveries 
by the aciual Application of them to Practice. By Mr, 
John Debraw, Apothecary to Addenbrook’s Hofpital at 
Cambridge, and Member of an Oeconomical Society in 
the Principality of Liege in Weftphalia. Communicated 
by the Rev. Nevil Mafkelyne, B. D. F. R. S. and AJiro ~ 
nomer Royal . 


Read ^5 2r ’ npHE republic of bees has at all times; 

gained univerfal efteem and admi- 
ration : their culture, an object fo worthy of our atten- 
tion, has attracted and ftill does engage that of many of 
the learned, and has arrived at a condderable degree of 
improvement of late years ; but their mode of propa- 
gating their fpecies feems to this day to have baffled the 
ingenuity of ages in their attempts to difcover it. The 
raoft fkilful naturaliffs have been ftrangely miffed in 
*their opinion, that the bees, as well as the other tribes 
of animals, 1 are perpetuated b5f'''cu|iul»ttoh ,: ; !: though the|* ; 
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acknowledge that they have never been able to detect 
them in the adt. 

PLINY, who was like wife of the fame opinion, that 
in this particular they do not differ from other animals, 
obferves, “ Jpium coitus vifuseft nunquam” .Swammer- 
dam, that fagucious obferver, having never been able to 
(lilcovcr it, entertained a notion, that the female or queen 
bee was fecundated without copulation ; that it was fuf- 
•fleient for her to be near the males; that a vivifying aura, 
exhaling from tire body of the males, and abforbed by 
the female, might impregnate her eggs. At laft the in- 
comparable Reaumur thought lie had in a great mea- 
fure removed the veil, and brought their manner of ge- 
nerating nearly to a proof. This part of pliyfics has 
been the principal objedt of my refearches for feveral 
years paft, having been infenfibly engaged in it by the 
pleafure I took in fo curious an inquiry; and although 
this purfuit has been attended with more difficulties and 

. imagined, ■ 1 < have not 
carefully avoided launching 
m the dodirine 

•of toees^wb^ contradicts all former 

-requires,- previous to its 'appearance, 

i M» i 1 " 1 j ji* 'O*' 1 ; 1 1 1 1 n 1 ' 1 , 

•every fandtion the various experiments, fuccefsfully re- 
peated, can poffibly give it. The refults of thole experi- 

’ i ■■■'y _ ;• - ments, 
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naemts,- mack all in glafs-hives, which carry with them 
an entire evidence, afford fufficient reafons to aifert, that 
bees belong to that clafs of animals among which, al- 
though -they have fexes, a true' copulation cannot be 
proved; and that their ova, like the fipawn of fifties, moft 
probably owe their fecundation to an impregnation from 
the males, as will appear in the fequel of this narrative.- 
, I am not a little pleafed to find that the celebrated m a- . 
RAimi had filch a notion, and 1 lament his neglecting to 
confirm it. He fays, in his Qbfervatmns upon Bees t in the 
Hrftory of the Academy of Sciences for the year 171 2* 
pj 3.3a : Nous n'amns pu decouvrir jufqip a prefent do 
quelle maniere fe fait cette fecondation,ji deft dans le carp 
de la femelle, m bun f deft d la maniere des poijfms , apres 
qm la femelle a pofe fes ceufs: la mature blanchdtre dont 
Ppeuf ef emirmne au fond de P alveole pm de* temps apres 
fa miffance,fembk conforms d la dernier e opinion cmfb 
bien que des remarqstes faites plufeurs fms d'Un grand 
mmbre d'oeufs qui font reftes infeconds au fond de Pad- 
veole autour defquels nous n'avons point m cMe matkrt. 
“ We- never.- yet - were- able to difcover in what manner 
“ this fecnudationis performed; whether it is inthebodf 

it is after 

1 - , i * i 1 , 1 1 \ 

u her eggs:; that;.,&nfil 1 whitifh. .fubfiaac^ With y$m$k, 

11 1 ' '' 1 ' I 1 ' , ' ' -st ■' V * t Vp 1 “ff ‘d f 1 ‘i , 1 / .■ 

LXVII. ; 1 i' D. 'V:.-; v 'ft 
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** each, egg is furrounded at the bottom of the ‘ cell a 
M little while after its being laid, feemingly eftabliftiing 
** this laft opinion, as well as the frequent remarks made 
f* of a great number of eggs remaining barren in the cell, 
u round which we could not fee the above-mentioned 
u whitifli fubftance.” 

* This ingenious naturalift, by a nice examination of 
•the ftru&ure of the drones, had, as well as Swammer- 
dam, difcovered Tome refemblances to the male organs 
of generation; and from thence conjectured, they were 
the males of the bee-infeCt; but he owns, with the reft, 
that he never could difcover them in the aCt of copu- 
lation*' ■" ■' 1 ' ; v ■. 


Having flood the trials of fo many prying eyes in 
every age, the bees, as has been obferved by an ingenious-, 
author, had gained the character of an inviolable chaftity, 
tilf iREAUMURj blafted' 'tli^ rsphtation. He : maM.es the 
queen no better^han; : r«/ythoughhe could . 

raife a mere jealoufy or 


(5&ti that 5 head* They aflert that the ' 


[a] Vid. juvENAt, Sacvi. ver. 128. 


queen 
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queen is the only female'in the hive, and the mother of 
the next generation; that the drones are the 'males 
by which the is fecundated; and that the working 
bees, or bees that collect wax on the flowers, that knead 
it and form from it the combs and cells which they after- 
wards fill with honey, are of neither fex. 

But of late Mr. schirach, a German naturalift, has- 
given us a very different view of the clafles that confti- 
tute the republic of bees, in an ingenious publication in 
his own language, under the title of ‘The Natural Hi/lory 
of the Queen of the Bees , which has been Alice tranflated 
into French ; an account of which has been given in the 
Monthly Review; from which I beg leave to relate the 
author’s -doctrine with regard to the working-bees only ; 
the quality: and functions of the drones being points 
which do not appear to be yet fettled by Mr. schirach 
bimfelf. He affirms; that all the common bees are females, 
in difguife, in which the organ? that diftinguifh the. fex, 
and particularly the oyaria , are obliterated, or at leaft, 
through, their epccefiive mihutenefs, have not ye|;. b^ ; 
obferved : that every one of thofe bees: in the earlier 
rjqdpf its exiftence is capable of becominga qneem-hee, < 
if the whole community fhould think .proper, t 
in a ;,ptrtiaelaf rahe ,i| p- ^ 
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fhort, that the queen-bee lays only two kinds of eggs* 
vi%. thofe that are to produce the drones, and thofe from? 
Which the working-bees are to proceed. 

The trials made by Mr. schirach feem to evince the 
truth of his conclufions in the moft fatisfa£tory manner, 
fingular as they appear to be at firft fight; and indeed 
In ray own judgement, from the conftant happy refult 
of my numerous experiments, which I began near two 
years before Mr. schirach’s publication, and repeated 
every feafon fince, I am enabled to pronounce on their 
reality. • 

Chance I own befriended me rn that difcovery, whilffr 


drones. 1 ItWaS in the' iprmg of the year lyyOjthatlfor 
the firftttme difctWered What cbtt^ 

jfe<5tttfed, l mean the impregnatten 

4f flmiti ffledttmfe of males inhis 

• ;< 1 ,v fS C . • .. , ; , 

§WM'^gr&ffife' qfy&Mff tike 
Stf ■ ttuxeqm $ ' mJm& 

esabeittesy de forte qu'il n'mroit pas he aife: 
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de Us difiinguer dans cette ruche de aheilks ordinmres^fam 

le grand nomhre que nous y en avons trowL Ilfepourrhit 

hien faire que dans les ruches ou Von n'a pas trouve de gros 

bourdons , il y en eut de ces petit s> et qtfils y aient ete con - 

fondus avec le rejle des abeilles , lorfque nous ne favions 

pas encore qu'il y en eut de cette taitte . “We have of 

“ late found a great quantity of drones much fmaller, 

a than thofe we had formerly obferved, and which do not 

u exceed in fize the common bees-; fo that it would not. 

** have been eafy to diftinguifh them in that hive from 

“ the common bees, had not the quantity of them been. 

a very confiderable. It might certainly have happened^. 

“ that in thofe hives, where we have not been able to- 

“ difcover large drones* there were a great number of 

“ thofe little ones, which may have been intermixed: 

“ among common bees when we were yet ignorant that 

myfuchhmaM drones wem exifhng.^ : ■< ■. \-< ; 

REAXTMtjRhimfclf, ' 591 • of fete )AM l&toxtf of' 
, , ^ 

Infers, fays, “ Wehave likewife found drones that wem? 

0i 

“horhigger than the common bees. 59 


They have notwkhftanding. efeaped the ubfeivatiom 
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opinion, thahd^tjneen-bee of a hive 'lays, eggs which 
produce yopngopesj without having any communication 
with the drones* F or what purpofe fhould wife nature then 
have fumifhed the drones with that large quantity of 
feminal liquor? To what ufe fo large an apparatus of fe- 
cundating organs, fo well defcribed by reaumur and 

MARALDI? • . 

But I beg leave to remark, that thofe gentlemen feemta 
have- drawn too hafty conclufions from their experiments* 
in rej edling the drones as bearing no fhare in the propaga-, 
tioh of thofe infechs. Their obfervations, that hives axe, 
peopled at a time of the year when there are no drones 
in being, is no ways conclufive.; as it is evident, that they, 
had feen none but drones of a large fize, their filence on, 
the difference in the fize i off hem juftifying my remark.; 
But to refume the narrative of - my experiments : I had' 
watched , my, glafs^hiye^^wit^ , indef^tigithlo - (attention. 



care 



were put into them, 


tOjt Jaet'&bpfe of the queen laying her eggs, which gene-. 


the fourth or fifth day. I obferved the 



the third) from the 


m the cells, that, a, great, number , 



l ib preference to boxes, for a purpole too obvioust©- 
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of bees, fattening themfelves to one another, hung down 
in the form of a curtain from the top to the bottom of the 
hive, in a limilar manner they had done before at the 
time the queen deposited her eggs ; an operation which 
(if we may conjecture at the inftinCts of infeCts) feems 
contrived to hide what is tranfaCting : be that as it will, 
it anfwered the purpofe of informing me that fome- 
thing was going forward. In fadt, I prefently after per- 
ceived feveral bees, the fize of which through this thick 
veil (if I may fo exprefs myfelf ) I could not rightly dif- 
tinguifh, inferting the pofterior part of their bodies each 
into a cell, and linking into it, where they continued but 
a little while. After they had retired, I faw plainly with 
the naked eye a fmall quantity of a whitilh liquor left in 
the angle of the balis of each cell, containing an egg : it 
was lefs liquid than honey, and had no fweettafte at all. 
Within a.day after, I found this liquor abforbed into the 
etobrio, .which on the fourth day is converted into a final! 
worm, to which the working-bees bring a little honey * 
for nourilhment, during the firft eight or ten days after- 
its .birth* ; After that time they ceale to feed them j ' .fdSrt 
they Ihutup the cells, where thefe embrios continue in- ■ 
clofed.'for ten ‘days', more, during which time 
.dergp ipW ; i v , > 
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To evince the reality of this obfervation, and to prove 
that the- eggs are' fecundated by the males, and that their 
prefence is neceflary at the time of breeding, I proceeded 
to the next experiments. They confifted in leaving in a 
hive the queen with only the common bees, without any 
drones, to lee whether the eggs Are laid would be pro- 
lific. I accordingly took a fwarm, fhook all the bees 
into a tub of water, and left them in it till they were 
quite fenfelefs, which gave me an opportunity to dif- 
tinguifh the drones without any danger of being ftung. 
After I had recovered the working-bees and their queen 

from the ftate they were in, by fpreading them on 

* 

brown paper in the fan, I replaced them in a glafs-hive, 
where they foon began towork as ufqal: the queen 
laid '.eggsy which I little fufpedted to he , impregnated, 
tlmr^bi haid feparated all the drones or males, and 
therefore omitted watching the bees;; but at the end of 

Of their hatching)! found 

#ci©fv r erecl with honey, 
I immediately dniferhad 1 > that, fome of the ' males, having 
nQfice, had impregnated only fpart of the 
h^s f ;•!# convince myfelf of the truth of 

my fuppofition, I thought it neceflary to take away all 
the brood-comb that was in the hive, in order to oblige 
■ ' 1 ■ the 
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the bees to provide a fre/Ii quantity, being fully deter- 
mined to watch narrowly their motions after new eggs 
iliould be depofited in the cells. This was done accord- 
ingly, and at lad the myftery was unravelled. On the 
fecond day after the eggs were placed in the cells, I per- 
ceived the fame operation which I have related in a for- 
mer experiment ; I mean, the bees hung down in the 
form of a curtain, while others thruft the pofterior part 
of their body into the cells : I then introduced my hand 
into the hive, broke off a piece of the comb containing 
two of tliofe infedts, and kept them for examination. I 
found in neither of them any fling (a circumflance pe- 
culiar to drones only) and upon diffedtion, by the help of 
a oollond’s microfcope, difcovered in them the four cy- 
lindrical bodies, which contain the glutinous liquor of a 
whitifh colour, obferved by maraldi in the large drones. 
t Having till then never obferved any. difference in the 
iize of drones, I immediately perufed the Memoirs on 
Bees publifhed by MeflT. maraldi and reaumur, and 
found that they , had , remarked it frequently. I have, in- 
ferted in a preceding page the fubftance of thpir pbferva- 
tipns/©mthat, head, as taken fropq their writings.. (i Tfce 
ijwtifen/ of thatijdiffieff pQe \ dqpbt be, j>|^ceb amongft 

.other mGana, »&. e»q. I unifer 

LXVII. ■ E 
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in dcftroying tlie males, even thofe which might be fuf- 
pe&cd to be fuch. 

I once more immerfed all the fame bees in water ; and, 
when they appeared to be in a fenfelefs ftate, I gently 
preffed every one of them between my fingers, in order 
to diftinguifh thofe armed with firings from thofe that 
had none, which laft 1 might fufpedt to be males. Of 
thefe I found fifty-feven, exadly of the fize of common 
bees, yielding a little whitifir liquor on being preffed be- 
tween the fingers. I killed every one, and replaced the 
fwarm in a glafs-hive, where they immediately applied 
again to the work of making cells ; and on the fourth 
or fifth day, very early in the morning, I had the plea- 


sure to fee the 'queen-bee depofiting her eggs in thofe 
cells, which foe did by placing the pdfterior part of her 
bbcty’& : iaah’ continued bn the watch moft 


part of the enfuing. days, but cduld difeovet nothing of 


_ £ 

‘ : .W«4i 




‘ infte'ad Of "changing in 
, the 1 'mSnjnef’'Of batef^lflars^^re' found in the fame ftate 
they vtfere in the firft day, except that forhe of them were 

> f >, ,, 1 1 >♦ ’ I I ^ 1 v ' y r { , 

covered with honey. But a very fihgular event- happened 
: *tnenekf £ ah the bees left their own hive, 

• get into aneighbOiiringcOhi*- 

itoi hive,nn the ftool of Which I found their queen dead, 

i 1 'halving 
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having no doubt been flain in the engagement. The 
manner in which I account for this event is as follows : 
the great defire of perpetuating their fpecies, which is 
moil obfervablc in thefe infedts, and to which end the 
concurrence of the males feems fo abfolutcly neceflary, 
made them defect their own habitation .where no males 
were left, in order to fix their refidence in a new one, in 
which, there being a good Hock of males, they might the 
better accomplifh their purpofe. If this does not yet 
eftablifh the reader’s faith of the neqeffity of . the males 
bearing a fhare in the fecundation of the ova , the next 
experiment cannot I prefume fail to convince him. 

I took the brood-comb which, aslobferved before, had 
not been impregnated; I divided it into two parts; one I 
•placed under a glafs-bell N° i. with lioney-comb for the 
bees’ food; I took care to leave a queen, but no drones, 
among the common bees 1 confined in it. The other piece 
of. brood-comb I placed under another glals-bell N° a. 
with a few drones, a queen, and a number of common 
,bees proportioned to the lize of the glafs ; the reft I dii- 
pofed of as before. The refult was, that in the glafs N* 
x.. no impregnation happeried; the eggs, remained in the 
fame ftate they were in when put into the, glafs; and, 
.npomgiying, ^epfhday, 

(th^y |he,||r-' 

t- ' E ■ / mer 
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mer experiment: whereas in the glafs N 9 2 . 1 faw, the 
very day after the bees had been put under it, the impreg- 
nation of the eggs by the drones in every ceil containing 
eggs ; the liees did not leave their hive on receiving their 
liberty ; and, in the courfe of twenty days, every egg un- 
derwent all the above-mentioned neceflliry changes, and 
formed a pretty numerous young colony, in which I was 
not a little ftartled to find two queens. 

Fully fatisfied concerning the impregnation of the eggs 
by the males, I defifted for the prefent from any further 
experiments on that head, being exceedingly anxious to 
endeavour to account for the prefence of this new queen. 

I conjectured that either two queens, inftead of one, 
muft have been left among the bees I had placed under 
that glafs; or elfe that the bees could; by fome particular 
means of their own, transform a common fubjeCt into a. 
queen. 

In order to put this to the tefb, F repeated' the experi* 
ment with fome variation. F got four glafs-hives blown 
flat, which I thought preferable to the bell-fhaped ones 
I had ufed before, as V could with thofe better examine 
what was gbing forwird; I - took a large brood-comb 
from an old hive, and, after having divided it into feversl 
pieces, ! put fome of them, containing eggs, worms, and 
hymphs,; with food, viz. honey &c.. under each of the 

glafles 
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glaffes ; and confined within each a fufficient number of 
common bees, among which I left fome drones, but took 
care that there fhould be no queen. 

The bees finding themfelves without a queen, made a' 
ftrange buzzing noife, which 1 ailed near two days ; at the 
end of which they fettled. and betook themfelves to work: 
on the fourth day I perceived in each hive the beginning 
of a royal cell, a certain indication that one of the inciofed 
worms would foon be converted into a queen . The con-' 
llrudtion of the royal cell being nearly accomplifhed, I 
ventured to leave an opening for the bees to get out, and 
found that they returned as regularly as they do in com-r 
mon hives, and lhewed no inclination to defert their ha- 
bitation. But, to be brief, at the end of twenty days, I ob- 
ferved four young queens among the new progeny. 

On relating the refult of tliefe experiments to a 
member of this univeriity, well convcrfant in the na- 
tural hiftory of bees, he deemed it necelfary, that they 
fhould be' repeated, in order the better to eftablifh the 
truth of a fadt feemingiy fo improbable, that the eggs 
deftined by nature to produce neutral or common bees, 
fhould be transformed into females or queens. lie flatted 
•an objection to me, which by the publication of Mr. 
schirach Appearing, a little time after, feepts to have, 
been pointed out to that author alfo by Mr, withel-mi, . 

his.; 
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his brother-in-law, namely, that the queen-bee of a hive, 
betides the eggs which the deposits in the royal cells, 
might alfo have laid royal or female eggs either in the 
common cells, or indifcrirainatcly throughout the dif- 
ferent parts of the hive. He further fuppoled, that in the 
pieces of brood-comb, which had been fuccefsfully em- 
ployed in the laft experiments for the production of a 
queen, it had conftantly happened, that one or more of 
thefe royal eggs, or rather the worms proceeding from 
them, had been contained. 

But the force of his objection was removed foon after 
by the fame fuccefs having attended a number of other 
experiments which I fince made, an account of which 
would take up too much room here ; and this gentleman, 
together with Mr. schirach’s brother-in-law, was at laft 
brought to admit, that the working-bees are invefted with 
a power of railing a common fubjeCt to the throne, when 
the community ftands in need of a queen; and that ac- 
cordingly every worm of the hive is capable, under cer- 
tain circumftances, of becoming the mother of a genera- 
tion : that it owes its metamorplidlis into a queen, partly 
to the extraordinary fize of. the cell, and its particular 
•pofition in it; but principally to a certain nourilhment 
appropriated to the occafion, and carefully adminiftered 
to it by the working-bees while it is in the worm-ftate, 

' " . ■ . by' 
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by which, and pofllbly other means as yet unknown, the 
developement and expanfion of the germ of the female • 
organs, previoufly exifting in the embryos, is effected, 
and thofe differences in its form and fize are produced,, 
which afterwards fo remarkably diftinguifli the queen 
from the common working-bees. And finally it appears 
evident, from the experiments made by Mr. schirach 
and myfelf, that the received opinion, that the queen lays 
a particular kind of eggs, appropriated to the production 
of other queens, is erroneous. 1 am not a little flattered, 
with the fimilarity of my difeoveries with thofe of the 
ingenious German naturalift, in proving the fex of the- 
common bees ; although we fo widely differ in what re- 
lates to the ufe of the males, whom, as we have fieen be- 
fore, he imagines to be quite ufclefs. I am alfo not a little 
pleafed to find, that our experiments on the production 
of a queen from a common embryo agree fo well. 

I fliall now beg leave to point out the advantage that 
may accrue to the public from thefe obfervations,. 
which is that of forming artificial fwarms or new co- 
lonies; or in other words, of furnifliing the means to 
bring on a numerous increale of thofe ufeful infects : an 
objeCt of fome importance to this kingdom, as being 
the only means to prevent the annual exportation of com- 
fiderable fums in the purchafe of wax,, a great quantity 

of 
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of which is h (ft every feafon for want of keeping up a 

fuflicient ftock of bees to collect it. 

The practice of this new art, Mr. schirach tells us, 
has already extended itfelf through Upper Lufatia, the 
Palatinate, Bohemia, Bavaria, Silcfia, and even in Poland. 
In fome of thole countries it has excited the attention 
and patronage of government; and even the Emprels of 
Ruffia has thought it of fuch importance, that £he has 
font a perfon to Klein Bautzen, to be inftrufted in the 
general principles, and learn all the minutice of this new 

art. 

* 

The narrow limits of this paper do not permit me 
here to give an account of Mr. schirach’s ingenious ob- 
fervations. 1 beg leave to refer the curious reader to the 
work itfelf, which, with the reviewers, I wifh was trans- 
lated into the Englifh language, as it contains many par- 
ticulars highly deferving the notice of the fpeculative 
naturalift, as well as of thofe who cultivate bees either 
for profit or araufement. 
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IV. An Account- of a For trait of Copernicus, prefented 14- 
the Royal Society by Dr. Wolf of Dantzick : ex-, 
trailed from a Letter of bis to Mr. Magellan, F. R. S. 


DEAR SIR, 


Dantzick, 
April 7, 1776* 


Read Dec. 7, ripHE captain who will deliver this to you, 
" /V> * will alfo put into your hands a copy of 

an original portrait of the famous copernicus, which I 
beg you will prefent to the Royal Society, as a teftimony 
of my devotion and attachment to that refpebtable body. 
The original, from which it is copied with the greateft 
accuracy, is in the poffeffion of the Chamberlain hus- 

SARZEWSKI, 


Avis touch ant un Portrait de Copernic, prefente d la Societe 
Royale, par M. le Dr. Wolf de Danzic : extrait dime Lettre 
du dit Dr. a M. de Magellan, Mmbre de la Soc. R. 

Monficur ct tres chei* ami, Danzic, le 7 Avril, 1776, 

L E capitamc qui vous dclivrera cellc-ci, vous apportera en tneme terns la 
copie d’un portrait du fameux cqperni®, que je vous prie de prefcntcr 
a votrc illuftre Societe Royale, comme un temoignage de mon devonement et 
refpeft pour cet illuftre Corps. Le poffcfleur de I’origmal, dont le portrait fut 
copie avec la plus grand attention, eft M. le Cbainbellan humarzewski, II a 
Vo l. LXV1I. $ deja 
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sarzewskt, who lias already refufed one hundred ducats 
for it, and will not part with it at any rate during liis life,, 
hut intends to bequeath it me after his death ; for which 
reafon there is no probability of my ever pofTeffing. 
it, as lie is likely to furvive me many years. We 
have a portrait of coff.rnicus in the great church at 
Thorn in a kind of maulbleum, erected about thirty 
years after the death of that great man, by a phyfician 
of that town, who is laid to have been one of his relations. 

hartknoch has inferted a print taken from this por- 
trait in his Chronicles of Pruffia. Our original has been 
compared with that of the mauf'oleum f and the features 
of the face are found to be perfectly fimilar,. but there is 
.a great difference in the drefs. That at Thom reprefents 
him kneeling before an altar, in the attitude of a prieff 
officiating ; in ours he is cloath'ed in fur, with his hair 

more 


tlcja refirfc xoo ducats, et ne le cedera pas fa vie durant pour aucun prix : rnais 
il ixje le veut leguer apres fa mortc. Ceft a dire tres probablement apres la 
mienne: de forte qtfll n’y a rien a efper-er do ce cote-cL' Nous avons tm por- 
trait tie copbrntc dans la grande Eglife de* Thorn, dans unc cfpccc <lc 
manfolcc, edge une trentaine d’annees apres la mort de cet homme celebre, par 
wx medecin de la ville, giForf cfit ayoir 6te un defes parents. 

’Hartknoch a' fait grayer ce portrait, et Fa inferc dans fa.Chronique dc 1st 
Frolic* Notre original a et6 compare fur le lieu' avee cclui clu manfolcc, ct on 
a trouvo les traits du vifage abfolument les monies ; mais Fhabillcmcnt eft tres 
different* ‘Cclut tie Thorn' le reprefente devant Fsftitcl cn fonfltion de prfitre* 
*' . . Dans 
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more carefully dreffed, and as it were in a habit of 
ceremony. The painter of it was certainly one of the 
old Italians, as will appear by comparing it with other 
works of thofe mafters; for inftance, it is known 
that the painters of thofe times, and even Raphael, 
never gave to the eyes that brightneis which the moft 
indifferent artifts within this century never fail to exprefs 
in their portraits : not but what the ferene and feemingly 
irianimated countenances of the former artifts came 
nearer to nature than the fparkling eyes which are now 
all the falhion. This however is a proof that the por- 
trait is at leaft one hundred and fifty years old; the in~ 
fcription fhews that the painter was an Italian; and it 
muft further be obferved, that it is now two centuries 
• fince they left off painting on wood. 

The 


Dans 1c notre il eft liahille on pelilTc, avec les cheveux cle la tote plus foigneufe- 
mcnt arranges *et coupes, comme en habit de parade, Le pinceau eft furement ; 
Italien du vieux terns en queftion, comme on trouvera en regardant d’autres : 
dcce terns et les comparant avec celui-cu Par exemple, on fait quo les pern- 
ires dans cc vieux terns, meme Raphael, ne favoient pas encore donnor aux yeux 
cette vivaciftS, que le plus mediocre peintre depuis plus d’un fieclc, ne manque 
pas clc dormer a fcs peinturcs* Je ne dis pas que les vieux peintres n’approchent ; 
pas plus de la nature avec leurs yeux tranquiles fans feu; mais ils deplalfcnt a ' 
notre Cede, qui ne veut qpe dfes yeux petillants* Au moins deft la marque s 
d’une andennete plus grande qifun fiecle et demi* Uinfcription fait voir 
que le peintre etoit Italien. II y a deux fiecles qu’on a ceffe dc peindre fur du , 
bow* 1 1 • • ’ ' * 1 ' 1 1 ■ ' • . ; 1 1 ' , \ 

F % L’hiftoire 
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The hiftory of this portrait is as follows. It was for- 
merly in the collection of Saxe Gotha, where it was al- 
ways confidered as an original, which is even laid to ap- 
pear from the archives of that court,, and is the more 
probable, as the prinee-bifhop of Warmia, who obtained 
it from the late duke of Saxe Gotha, was too good a con- 
nobleur and too cautious to be deceived in this refpcCt. 
That biihop being at Gotha, in the year 1735, obferved 
this portrait in the gallery of that palace ; the proofs that 
were produced of its authenticity made him very delimits, 
to acquire it. lie at length obtained it by a kind of theft 
which it was neceffary to commit on the cathedral of 
Warmia,. in which there was a very old portrait of one 
•of the anceftors of the dukes of Saxe Gotha, who had 
been biihop of that fee, and whofe picture was wanting 

in 


L’hiftoire clc notre original eft la fuivante. 11 a ete conferee dans la collec- 
tion des dues de Saxe Gotha, dans le chateau du meme nom, toujours avoue 
comme un veritable original: on pretend memc prouve comme tel par les. 
■archives ; ce qui eft fort croyable, vu que le prince, eveque de Warmie, qui l’a 
obtentt du clue defunt, xtoit trop circonfpe£t ct trop bon connoilTeur pour s’en 
laiffbr impofer.. Enfin.c'eft apres les paroles, clu prince eveque, que jc fais cette 
aflertion. Ce fut environ Fannee 1.735 ft u ’ etajlt ^ Gotha, il remarqua ce 
portrait dans.la gallerle du,duc.. Les preuves qu’on lui fit de fon authenticate, 
augtnenterent fon envie de le poffe'dec. II Fobtint enfin par un vol qu’il fallut. 
faire a la Cathedrals de Warmie, ou fe trouvoit un tres ancien portrait d’un dea . 
ancctres du due de Saxe Gotha, qui etoit jadis eveque de Warmie, et dont. I&. 
jptrait.maiij[UQit dans la collection des portraits de fa faroille. . On fit done un . 

echange. 
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In the duke’s collection of the portraits of his family. 
An exchange was accordingly made of the two originals, 
and the bifhop has fmce bequeathed that of Copernicus 
to his favourite Mr. hussarzewski. 

The copy I herewith fend you is very exact in every 
refpeCt, except that I have glued three wooden lifts on 
the- back of the board to prevent its warping. After my 
copy was taken, the proprietor of the original thought 
proper to have it repaired and varnifhed, and they are 
now fo much alike that it is fcarce poffible to difcern any 
difference. The name of my painter is lorman of Ber- 
lin, an artift of fome reputation. 


echange des deux originaux. Le prince eveque crabowski enfina laiffe celui 
de copernic a fon favori M. hussarzewski. 

La copie cftabfolument la meme quo l’originat : excepte que j’ai fait coller 
trois regies- fur le derriere de la table pour empecher fon courbiffcment. De- 
puis que ma copic a etc tiree, M. hussarzewski, croiant bien faire, a fait 
renouveller fon original, e’eft a dire, y mettre du vernis : et a&uellement il eft' 
ft bien le meme que la copie, qu’on peut a peine s’appercevoir de la moindre • 
■difference. Mon pcintre eft M, iceman de Berlin, aife cclebredans fon art,. 
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V. An Account of a Journey into Africa from the Cape 
of Good- Hope, and a Defer iption of a new Species of 
Cuckow. By Dr. Andreas Span-man, of the Royal Aca- 
demy of Stockholm, in a Letter to Dr. John Reinhold 
Foriler, F. R. S. 


DEAR SIR, 


Gottcnhur;*;* 
Sept, 1 6, 1776- 


ReacUDoc. 19, "OEING returned to my native country 

X y ^ C? f 

after an abfence of five years from it, 
1 will endeavour to give you a fhort account of my expe- 
dition into Africa, which I undertook foon after parting 
with you at the Gape of Good-Hope. The voyage round 
the world, of which I fhared the perils and pleafures 
with you, had only made me more eager to continue my 
rambles in quell of new difeoveries. I fet out therefore 
from the neighbourhood of the Cape -town in the be- 
ginning of Augu.fi: 1775., with no other company than 
the fon of the Dutch lieutenant emelman, who had 
formerly accompanied my learned friend Dr. thunberg 
on a fimilar journey, and fame Hottentots who took care* 
of my oxen. 


I 


The 
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The firft misfortune I met with was the lofs of the 
thermometer which you had left me, and which broke 
before I had reached the hot-baths. This was only a 
prelude to greater diftrefies. The drought was fo violent 
this year, that the like had not been experienced in the 
colony within the memory of man, and it obliged the 
inhabitants to leave their country-feats. A great part of 
their cattle periflied for want of grafs and water, and I 
have frequently buffered the moft raging third: in the 
hot defarts which I traverfed ; but I was too well feafoned 
during the voyage to dread the hardfhips of a fcanty 
fubfiftence, the fatigues of travelling, or the power of 
the climate. The moft fenfible misfortune which the 
? dry feafon brought along with it, was the defolation of 
the vegetable kingdom. Far from being fo fortunate as 
Dr. thunberct, who has added above a tlioufand fpecies 
to the Flora Capenjis , I found every thing burnt up, and 
only in the thickeft forefts met with fome perennial 
plants which were new to me, and which, upon a revifal 
of that gentleman’s herbal, 1 believe are likewife un- 
known to him. Of thefe I propofe to fend you fpeci- 
mens as foon as I can find time to bring my collection 
into fome kind of order. On the other hand, I have 
‘been fortunate with animals, and efpecially in the dais* 
of quadrupeds. X fhall not fpeak of liems and other beads* 

of 



40 Dr. sparrman’s Account of 

of prey, which I have frequently feen in broad day-light, 
and heard roaring about me at night, though they never 
ventured to attack our cattle. But it was chiejfly among 
the antelopes and animals of that fort that I hunted. 
Mr. km elm an and myiclf, with nine hottentots, a wag- 
gon drawn by feveral pairs of oxen, and feveral hunting 
horfes, happily traverfed a defart of fifty miles, where 
we had greater fport than any German prince could ever 
hoaft of. On that route I penetrated farther into the 
country than any of my predeceflors, having gone one 
hundred miles beyond the laft Cliriftian’s or Dutchman’s 
hut, into the diftrid of the Yellow or (as they are vulgarly 
called) Chinefe Hottentots. 

The great buffaloes which inhabit the wilds of Africa, 
do not appear to me to differ in any refpe£t from the North 
American Bifon, although I have feen great numbers of 
them. I have likewife found a fpecies of pole-cat on that 
continent which linn^eus calls Viverra Putorius , con- 
trary to M. de buffon’s opinion, who feems to confine 
this animal and its fpecies to America. By the fea-fidc X 
was fortunate enough to catch a Manatee alive, notwith* 
Handing the difficulty which muff attend the capture of 
fuch an unweildy animal. There I likewife law feme 
iflands, on which I was told an Englifh Ihip had been* 
loft, Thefe I fufpedted at firft to be the Doddingtons ; but 

afterwards 
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afterwards had reafon to doubt it, thofe iflands being 
fuppofed to lie in a more foutherly latitude. 

I have had opportunities of making many curious and 
•valuable Obfervations relative to the different tribes of 
Hottentots, their oeconomy, hunting-matches, and other 
cuftoms ; an account of which, together with fome re- 
marks on the natural hiltory of the elephant, the rhino- 
ceros, and other animals, I intend to prepare for the prefs. 
I am poffeffed of an accurate map of that part of Africa 
which I have vifited, containing all the hills, together 
with the fmalleft rivulets, as far as the Bay de la Goa, 
which, I think, will be a great addition to the work. I 
only regret that I was not able to draw the objects of 
natural hiftory, and have an hundred times wifhed that 
your fon had been with me for this purpofe. 

As 1 had been upwards of nine months on this journey, 
at my return to the Gape I found that my acquaintance had 
given up all hopes of feeing me again, having had no tidings 
of me for fo* long a fpacc of time.. Notwithflanding the 
many dangers to which I had been expofed on this expedi- 
tion, I allure you I was greatly tempted to flay another year, 
in hopes of being more fuccefsful in botanical difcoveries. 
However, the profpeft of fecuring the fpoils which I had, 
collected, prevailed on me to relinquifh that fcheme. 
Indeed I little thought at that time that the greateft 

Vol. LXVII. G ‘ danger 
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danger awaited my collection in Sweden. A few days 
ago a great part of it lias been damaged here by fire, 
which has been particularly fatal to my fluffed birds, 
having deftroycd fume which were not yet deferibed. 

As I am well acquainted with the pleafure which every 
v n<?w difeovery in the hiftory of nature gives you, I take, 
this early opportunity of expreffmg the readinefs with, 
which I with to contribute to your fatis faction, and have 
fubjoined to this letter an account of a curious bird, afpecies. 
of Cuckow, which 1 have faved out of the fire. I only beg 
that you will confider it as an earneft of more important 
communications, as loon as the hurry of my affairs will 
permit me to bring my papers into order. In the mean 
time if you fhould think that account, and the annexed 
drawing, worthy the attention of the Royal Society,,! 
fhould he greatly flattered if you would do me the ho- 
nour to lay it before that learned Body. 

With the greateft efteem I remain, &c. 


THE 
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THE HISTORY OF THE HONEY-GUIDE, OR. 

GUCULUS INDICATOR, 

THIS curious fpecies of Cuckow is found at a confi* 
derable diftance from the Cape of Good-Hope, in the in* 
tenor parts of Africa, being entirely unknown at that 
fettlement. The firft place where I heard of it was in' a 
wood, called the Groot Vaadefs Bofcb , the Grand Fa- 
ther’s Wood, f mated in a defart near the river which the 
Hottentots call TkaufkaL The Dutch fettlers there* 
abouts have given this bird the name of Honig-wyzer , 
or Honey-guide, from its quality of difeovering wild* 
honey to travellers. Its colour has nothing ftriking or 
beautiful, as will appear from the defeription and drawing 
annexed; and its fize is confiderably fmaller than thaf of 
our Cuckow in Europe : but in return, the inftindt which 
prompts it to feek its food in a lingular manner, is truly 
admirable. Not only the Dutch and Hottentots, but like* 
wife a fpecies of quadruped, which the Dutch name a 
Rat el <v, are frequently conducted to wild bee-hives by 
this bird, which as it were pilots them to the very fpot* 
The honey being its favourite food, its own interefl: 
prompts it to be inftrumental in 'robbing the hive, as 

(a) Probably a new fpecies of badger* 1 , . ■ 

G % ' forne - 
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fome fcraps arc commonly left for its lupport. The morn- 
ing- and evening are its times of feeding, and it is then 
heard calling in a fhrili tone chcrr , chcrr , which the honey- 
hunters carefully attend to as the fummons to the eh ace. 
From time to time they anfwer with a foft whifllc, which 
the bird hearing, always continues its note. As foon as 
they are in fight of each other, the bird gradually flut- 
ters towards the place where the hive is fituated, conti- 
nually repeating its former call of chcrr, cherr: nay, if it 
fhould happen to have gained a conliderable way before 
the men (who may cafily be hindered in the purfuit by 
bufh.es, rivers, and the like) it returns to them again, and 
redoubles its note, as if to reproach them with their in- 
activity. At laft the bird is obferved to hover for a few 
moments over a certain fpot, and then filently retiring to 
a neighbouring bufh or other refting-place, the hunters 
are fure of finding the bees neft in that identical fpot, 
whether it be in a tree, or in the crevice of a rock, or (as 
is moft commonly the cafe) in the earth. Whilft the. 
hunters are bufy in taking the honey,, the bird is feen 
looking on attentively to what is going forward, and wait- 
irtg for its fliare of the fpoil. The bee-hunters never fail 
to leave a fmall portion for their conductor, but commonly 
lake care not to leave fomuch as would fatisfy its hunger. - 
The bird’s appetite being only whetted by this parfimony, 

- ' a it 
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it is obliged to commit a fec.ond treafon, by difcovering 
another bees-neft, in hopes of a better falary. It is fur- 
ther obferved, that the nearer the bird approaches the 
hidden hive, the more frequently it repeats its call, and 
feems more impatient. 

I have had frequent opportunities of feeing this bird, 
and have been witnefs of the definition of fevcral re- 
publicks of bees, by means of its treachery. I had 
however but two opportunities of {hooting it, which I 
did to the great indignation of my Hottentots. From 
thole fpecimens (both of which are fuppoled to be 
females) I have made the fubfequent defcription. The 
inhabitants in general accufe the lame bird of fome- 
times conducting its followers where wild beads and ve- 
nomous ferpents have their places of abode : this however 
I never had an opportunity of afcertaining myfelf ; but 
am apt to believe fuch cafes to be accidental, when dan- 
gerous animals happen to be in the neighbourhood of tu 
bees-neft. . . , 

Whilft I ftaid in the interior parts of Africa,, a neft 
was fhewn to me, which fome peafants allured me was-, 
the neft of a Honey-guide. It was woven of {lender filar, 
ments or fibres of bark, in the form of a bottle. The n&Js. 
and opening* hung' downwards, and a firing in an arched 
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iliape was fufpended acrofs the opening, fattened by the 

■ two ends, perhaps for the bird to perch upon. 


DESCRIPTIO CUCULI INDICATOR! S. 

:R OS PR UM ‘ crafiiufculum, veifus bafin fufeum, apice 
lutciim. 

Angulus oris ufque infra oculos extenfus, 

Nares poftrejuae ad bafin rottri, fupremse vicinae 
tit carinul'i dotfali faltem feparerentur, oblongae, 
margins prominulo. 

iPili aliquot ad bafin rottri, prsecipu^ in mandibuli 
inferiore. 

Lingua plana, fubfagittata. 

'Oculorum hides ferrugineo-grifeae. 

Palpebrce nudae, nigrse. 

Pedes nigri, fcanforii. 5 tibia breves ; Ungues tenues, nigri. 
.Pileus Isete grifeus e pennis brevibus latiufculis. 
tsruia) fugulum , PeBus, fordid^ alba, cum aliquo virore 
vix notabili in pedore. 

■Dorfutn et Uropygium ferrugineo^grifea. 

Abdomen , Qrijfumque alba. 

pemora tedta pennis albis, macula longitudinal! nigrft 
notatis. 


Abrum 
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Alarum iectrices fuperiores omnes .grifeo-fufcae, exceptis 
fummis aliquot quae flavis apicibus formant maculam 
Jiavam in liumeris, exiguam, et a plumis fcapularibus 


fsepe tedtam. 

Tedlrices infra alam albidae, harum iupremse ex 
albido nigroque maculatoe. 

Remiges , omnes fupra fufci, primarii o<5to, fecundaril 
fex, fubtus cinereo-fufci. 

Alula grifeo-fufcae. 


Cauda cuneiformis, re&ricibus duodecina:. bantm duae 
intermediae longiores anguftk>r§§,. 
ginofo-fufcae jiroximae 
teriore 



apice micas, eg exterms ad b^H jnacula nigra notatae 
extima utrinque bce^ior, alba, apice fufca^ 

macula nigra vix ulla ad balin. 

JJa complicate |aude partem quartan^ 

Langitudo ab apice roltri ad e^ti^iraif^ittdae circiteE 
feptem uncialjpedis 

Rojlrum a ball ^Ipicem femunciale. 


Nitl 
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VI. An Account of fame nezv Electrical Experiments . By 
Mr. Tiberius Cavallo : communicated by Mr. Henley, 
F. R. S. 

% * * . f 

DESCRIPTION AND USE OF THE ATMOSPHERI- 
CAL ELECTROMETER. 

Read Dec. 19 , 1 7*10. I. reprefents a -very Ample inftru- 

1776. iK rj <" ^ 1 j s 

merit,' which 1 have contrived for 
making obfervations on the electricity of the atmofphere, 
and which on feveral accounts feems to be the molt ufeful 
inftrument hitherto invented for that purpofe. ab is a 
common jointed fifhing-rod, without the laft or fmalleft 
joint. From the extremity of this rod proceeds a {lender . 
glafs tube c, covered with fealing-wax, and having a cork 
D at its end, from which ^ pith-ball electrometer is fuf- 
pended. hgi is a piece of twine fattened to the other 
extremity of the rod, and fupported at g by a fmall firing 
FG. At the end i of the twine a pin is fattened, which, 
when pufhed into the cork d, renders the ele&rometer e 
uninfulated. . 


When 
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When I intend to obferve the electricity of the atmo- 
fphere with this inftrument, I thruft the pin 1 into the 
cork d, and holding the rod by its lower end a, project it 
out of a window in the upper part of the houfe, into 
the air, railing the end of the rod with the electrome- 
ter fo as to make an angle of about 50° or 6o° with 
the horizon. In this lituation I keep the inftrument 
for a few feconds, and then pulling the twine at h, 
I difengage the pin from the cork d, which operation 
caufes the firing to drop in the dotted lituation l k, and 
leaves the electrometer infulated, and electrified with an 
electricity contrary to that of the atmofphere. This done, 
I withdraw the inftrument, and examine the quality of 
the electricity without any obftruCtion either from wind 
or darknefs. 

With this inftrument I have made obfervations on the 
electricity of the atmofphere feveral times in a day, and 
have kept a journal of tliofe experiments from the 37th 
of September laft to this day. 

The following is the moft remarkable part of the 
above-mentioned 'journal, in which I have noted the 
electricity of the electrometer, that is the contrary of 
that in the atmofphere. 

■ The ftroke — fignifies as above. 
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Time of Obfervation. 

Clouds, 

Fog. 

Wind. 

Opening of 
the Kltdro- 
mcter in 
inches. 

Eleftri- 

city. 

0 < 5 t. 191I1, 

1 of o’clock. 

Cloudy* 

J Very little at 
L a diftance. 

f Very 

1 ftrong. 

X 

IQ - 

Negative. 


1 1 

2 

Heavy clouds. 


Violent. 

3 

4 

Pofitive. 


oi 

Lefs cloudy. 

— 

Little. 

I 

— — 


3 

Few at adiftance. 

— — 

• 

X 

z 

Negative. 

* 

8 

0 

a 

— _ 

— 

— 

oa. 3 ift, 

1 1 poft mer. 



— — 

0 

I 

z 


Nov. 6 th, 

1 x poft mer. 


Very thick. 

— — 

1 




From the above-mentioned journal I have deduced the 
following general obfervations. 

i ft, That there is in the atmofphere at all times a 
quantity of electricity ; for whenever I ufe the above 
defcribed atmofpherical electrometer it always acquires 
fome electricity. 

adly, That the electricity of the atmofphere or fogs 
is always of the fame kind, namely pofitive ; . for the 
electrometer is always negative, except when it is evi- 
dently influenced by heavy clouds near the zenith. 

3dly, That the ftrongeft electricity is obfervable in 
thick fogs, and the weakeft when the weather is cloudy 
and there is a ftrong appearance of rain; but it does not 
feem to be lefs at night than in the day-time. 


DESCRI2?- 
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DESCB.IPTION OF THE ELECTROMETER FOR 

THE RAIN. 

THE rain-eleftrometer is, in its principle, nothing 
more than an infulated inftrument to catch the rain, and 
by a pith-ball electrometer to fhow the quantity and 
quality of its electricity. 

Fig. 2. reprefents an inftrument of this kind, which! 
have frequently ufed, and after ieveral obfervations have 
found to anfwer very well, abci is a ftrong glafs tube 
about two feet and a half long, having a tin funnel de 
cemented to its extremity, which funnel defends part of 
the tube from the rain. The outride furface of the tube 
from a to b is covered with fealmg-wax, as alfo that 
part of it which is covered by the funnel, fd is a piece 
of cane, round which feveral brafs wires are twifted in 
different directions, fo as to catch the rain earily, and at 
the fame time to make no reilftance to the wind. This 
piece of cane is fixed into the tube, and a {lender wire 
proceeding from the former goes through the bore of the 
tube, and communicates with the ftrong wire ag, which 
is thruft into a piece of cork fattened to the end a of the 
tube. The end g of the wire ag is formed into a ring, from 

H a which 
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•which I fufpend a more or lefs fenftble pith-ball eleCtro- 

meter as occalion requires. 

This inftrument is fattened to the fide of the window- 
frame, where it is fupported by ftrong brais hooks at 
cb. The part h Hands out of the window, with the end 
f a little elevated above the horizon. The remaining part 
of the inftrument pafles, through a hole in a glafs of the 
fafti, into the room, and no more of it touches the fide 
of the window than the part bc. 

When it rains, efpecially ill flying fliowers,this inftru- 
ment, ftanding in the fituation above defcribed, is fre- 
quently electrified ; and by the diverging of the electrome- 
ter the quantity and quality of the eleCfticity of the rain 
may be obferved, without any danger of miltake. With 
this inftrument I have, obferved that the rain is generally 
electrified negativel-y, and.fometimes fo ftrongly, that 1 
have been able to charge a fmall coated phial at the- 
wire ag. 

This ram-eleCtrometer fliould be fixed in fuch a man- 
ner that it may be eafily taken from and. replaced at the- 
window as occafion may require for it will be necefiary • 
to clean it veiy often, particularly when a ihower. of raini 
is approaching.. 


1'XPFRIf 
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EXPERIMENTS MADE WITH A GLASS TUBE HERMETI- 
CALLY SEALED, AND HAVING SOME QUICKSILVER. 

INCLOSED IN ITS CAVITY. 

I N making fome experiments rather foreign to elec- 
tricity, it occurred to me, that when I agitated fome 
quicldilver in a glafs tube hermetically fealed, and in 
which the air was very much rarefied, it contracted a 
very fenfible quantity of electricity ; which however was 
not conftant, nor, as I firft thought, in proportion to the 
agitation of the quicldilver. Being defirous of afcertain- 
ing the properties of this tube, I c.onftruCted feveral of 
them, and, as accurately as I could, obferved their pro- 
perties ; but as they all agreed with regard to the chief 
points, I fhall only defcribe one, which is the bed; I have, 
yet made. 

This tube is two feet and feven inches long, and about 
four tenths of an inch in diameter: the quicklilver in 
it may be about three quarters of an ounce, and to ex- 
hauft it of air, I clofed it whilft the quicldilver was boil- 
ing in its oppofite end. 

Before I ufe this inftxument I warm it a little and 
clean it; then holding it nearly horizontally, I let the 
quiddilver in it run, from one end of the tube to the' 

other,:. 
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other, by gently and alternately elevating and deprefling 
its extremities. This operation immediately renders the 
ciitfkle of the tube electrical, but with the following re- 
markable property, viz. that part or end of the tube 
where the quicklilver actually ftands is pofitive, and the 
remaining part negative. If, by elevating this poiitive 
end of the tube a little, I let the quicklilver run to the 
oppofltte end which was negative, then the former in- 
ilantly becomes negative and the latter pofitive. The 
pofitive end is always more ltrongly electrical than the 
negative. If when one end of the tube (which we call a) 
is pofitive* that is, if, when the quicklilver is in it, I do 
not take off the electricity ; then on elevating it fd as to 
let the quicklilver run to the oppofite end b, the end a 
becomes negatively electrified in a very fmall degree : 
if I make it pofitive a fecond time, and do not take off 
that pofitive electricity ; then, on elevating it again, it 
appears to be pofitive in a fmall degree : but if whilft it 
is pofitive I take off that poiitive electricity, then on being 
elevated it appears ltrongly negative. 

Thefe appearances I would explain in the follow ing 
manner: the quicklilver agitated within the cavity of the 
tube a£ts like a rubber, that is, excites the inlldc furfxe 
of the tube positively, and becomes itfelf negative. Now 
when the quicklilver, negatively electrified, is on one 
1 end 
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end of the tube, the outfide of tlic gluts, by the known 
property of charged electrics, raufl be r.-c - s 've. 1 he re- 
maining part of tlie tube being pofitive on its inner fur- 
face, muft be negative on the outiide. But as there is a 
‘ vacuum within the tube, it may be alked, why is not the 
equilibrium, between the negative electricity of the quick- 
filver and the poll five electricity of the glafs infiantly 
balanced ? 

When about two inches of each extremity of this tube 
are coated with tin-foil, that coating affifts to make the 
electricities more confpicuous.- 

With regard to the conftruCtion of fuch tubes (which I 
have made of feveral lengths from nine inches to two 
feet feven inches) I find that fome will aCt very well,, 
while others will hardly acquire any electricity at all,, 
even when they are made very hot. I am not as yet tho- 
rough! y fatisfied with refpeCt to the caufe of this difference, 
but fufpeCt that the thicknefs of the glafs is more con- 
cerned in it than any thing elfc ; for I find that a tube 
whofe glafs is about one twentieth of an inch thick,, 
anfwers better than either a thicker or a thinner one.. 

November 13, 1776. 
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VII. A third Effay on Sea-anemonies. 
By the Abbe Dicquemare. 


ON THE GENERATION OF THE FOURTH SPECIES. 

Read Jan. 9, T | AVING in my fecond elFay on fea- 
anemonies, communicated my difco- 
•veries on the manner in which the fourth fpecies is mul- 
tiplied, and offered fome conjectures on the internal or- 
ganization of the fmall fhreds which become anemonies, 
1 added a caution, not to admit of thofe conjectures with- 
out 'circumfpection. What paffed under my own eyes 

convinced 


trAfieme Mimoire pour fervir a P Hi/loire des Anemones de Mer. 
Par M. 1' Abbe Dicquemate. 

Sur la Generation de la Quatrieme Efpece. 

Havre de Grace, Mars 7, 1776. 

A Pres avoir expofe dans un fecond memoire pour fervir a I’hiftoire des Ane- 
mones de mer, mes decouvertes fur la maniere dont celles de la quatrieme 
*fpece fe muitiplient; apres avoir ouvert quelqnes conjectures fur 1’organifation 
interieure des petits lambeaux qui deviennent anemones, je ne diffimulai pas 
sjtfon ne devoit point y reftraindre fes idees. Ce qui fe paffoit fous mes yeux 
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convinced me more and more (and I gave feme hints to 
that purpofe) that the fmalleft particle of a living ani- 
mal, has an organization which far exceeds every idea 
we can conceive of it; and which, from the extreme mi- 
nntehefs of .thofe particles, baffles our ciofeft infpedtion : 
fo that inftead of being furprized at the lingular effedts 
of reproduction, they are rather what we ought to ex- 
pedt, and be prepared td.obferve as they arife. It is with 
this view that I have continued my experiments and ob- 
fervations: they have eentlrmed the difcoveries I had 
made, and afforded me, am opportunity to juftify feme 
eminent men, whole affertions 'concerning the multipli- 
cation of the freffl-water polypi by fedtions, have met 
with the moft unmerited cdiittradidtidhs . 5 - ic. iff 

Among all the' objedts which’ iiattire offers m-the>c©j®- 
templative mind, there is none fo ftriking.and important 
as that of the generation of beings, and efpecially of ani-; 
... . - - -ff. . • • mated; 

— - — • ft*«“ i> **0*4 , 

me perfuadoit de plus en plus, et pern’en explrquai, que leg moindres partiesd’im 
etre vivant ont uneorganifation qrui furpa'flb inftniment l’idee qtiei nous {wuTons, 
nous en faire, que i’enorme pe,tjrage de. -ces parties derobe sux, regards- les. plus 
avides; et que loin 4c, fe^urpr^Kp ,des ; qffets fiagpjieyg ! de reprodu&fc®, on 
deyroit pour ainfi dire les attendr©#* fe mettre a portee de les fai&v. C’eftdaas. 
.qette vue. que.,jj ? ai contin^.jmpjS^l^er,«sations etm£s; experiences' : ielle&fonheon-j 
, firms les. decouyertes que j’avois fspjes, et-xne procurent la fatisfaduon de jatlifier 

frames illqftres, qui en nou&'faifant cojwioitre la multiplication de$ pplyp^j 

| Dc tous les objets que l^.p^t ^ offre a i/efprit meditarif, il n’en eft point.de 
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mated beings. This grand myftery has always attracted 
the attention of the greateft philofophers ; but their want 
of fuccefs in their refearches may be eafily inferred from 
the deficiency of proper means of obfervation: and it 
feems an advantage referved for our age, to introduce a 
new fet of beings, which bids fair to throw great light 
upon.our enquiries on that fubjedt. 

Had I only frefli proofs to add to thofe already given, 
and no new difcoveries to commmunicate, I Ihould cer- 
tainly leave nature to eftablifh our opinion of her opera- 
tions : but having been fortunate enough to gather fome 
fcattered fruits in this wide field, which had efcaped the 
obfervation of others merely becaufe they were engaged 
in more plentiful harvefts, I have been ftruck with the 
dncreafing lingularityy number, and importance of the 
obje&s, which have appeared to me to diifipate all doubt. 

: ' ! k. *■. 1 .• •: ■ Ifhall 


» 


4tie& aefi vers cette-naerveiHe que les philofopbes les plus drftan- 

goes ont dlrige leurs regards ; mats leur manque de fucces reflate mtucelle- 
•Bent des foibles moyens qtf'ils’^^ferit pt^ar faire des obfervation sj et c'eft 
*» avantage qaai paroit avoir ete referve a aqtre fiecle, de faire paroatre fur la 
ibeq# des fetres juiqta’ici agaaeres, qai promettent de nous fonrnir des nouyelfe# 
tomieres fur ce fujet, » , , * /• • .< ■ , , . I’ 1 t • . ■ , 

. Si je n’avois aprefenfor ki que les metnes deeouvertes, quotqae ce fut maalta- 
P% r tes preuves, je iaafierois a la nature le foin de fixer Popirtkn j mails dans ; ce ■ 



apccoite* plus abondan tes ; j*ai via 



‘aiigmenter, et le 
Jefl' 
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I fhall not here repeat what I have already faid concern- 
ing the reproduction of the fuperior part of the fourth 
fpecies, which is often as thick as one’s arm; new experi- 
ments have confirmed it, and have fhewn the poffibility 
of the reproduction of frefti-water polypi, without hav- 
ing recourfe to a multitude of imperceptible animals :■ 
but the better to explain what I have fince difcovered 
concerning the generation of this fpecies of anemo- 
nies, I muft beg leave briefly to recapitulate what I have 
already publifhed on that fubjeCt. Thefe anemonies, 
having their bafes unequally extended upon, and firmly 
adhering at their extremities to a hard fubftance, contract, 
and thus tear off and leave on that hard fubftance, one or 
more fmall fhreds of their bafes, covered with pieces; of 
the coat of the old animals; and thefe fhreds foon after 
become fmall anemonies, which alfo is the cafe in arti ficial 
feCtions. Of this Angular operation I have had opportu- 
nities 

H UH ' I.- W- W ,11 1 

ce que j'ai dit de la reprodu&ion de la partie fuperieure des anemones de la qua- 
trieme efpece, fouvent groffe comme le bras; de nouvelles experiences Font encore 
confirmee, et ont fait voir la poffibilite de Celle des polypes d’eau donee, fans avoir 
befoin de recourir a une multitude dFanimaux imperceptibles : mais qu’il me foit 
permis de retracer ici en peu. de roots ce que j’ai deja publie fur la generation de 
cette efpece, autrement il feroit difficile de laifir ce que j’ai appercu depais. Ces 
anemones, ayautk bafe i«%alem«t etendiie et fortement attachfe'fSar qaelqpies 
fes-extEemifcSs fer nfrcttiglfc dur, fe Tettr^nt'fitr'elles aiBM t eflaiflffiiir 
; ime oa plufieurs portions to&fetiftes 
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nities of feeing repeated inftances, having been very ar- 
duous and conftant in my obfervations. 

. On the 26th of October 1775, an anemony, on which 
I had tried an experiment foreign to the prefent purpofe, 
contracted, and left on the fide of thevafe a fmall fhred, 
which at the very firffc I fufpeCted to be intended for a 
young anemony: not that it was either, fleftiy, or that it 
feemed to contain a bulb j but becaufe the anemony had 
for feveral days before ftretched itfelf confiderably,. and 
in a particular manner, from that point of the bafe. Cer- 
tain- internal fibres of radii appeared; which in the old 
anemony had their direction from the circumference to 
the centre : and as the Hired was an irregular fegment of 
the area of the circle formed by the bafe of the old ane- 
mony, it is evident that thefe: fibres oxiradii, being fomd- 
whatdiffeaht from each other at the arch of the fegment, 
1.' .A ; ' • ' ' ^ ' did 


animats*, etapres avoir attenda longtempsjfatcft ia fatisfa&ioirde.Voirfe rep£ter 
cette operation fsagalisre, «t jel’ai feirie d’auffi pres qu’il tn’a ete poffib’e. - 
Le 26 Q&obre, *775; tme anemone fur laquelle j’avois tente une experience 
qmn’arri.eQ de eomman arec notre objet prefent, lailfa contre Ies patois dn vafe, 
«n ,fe icGrant, on petit lambeau que je foupipnnai des le commencement 6tre 
uttfe petite, anemone; non qn’ilfot epais an qtfibtnepwut contenir 
qnelque bribe, mate, paranpe fadetnone s*etok few: aloagee '.par ce point - d«* fa 
fk&mTsymsi d’nne maniere toete partkuiiere. 1 -On apper f e\roit.dans 
certains fibres du rayons qui dans Paneraoneavoiehtteridu de Ja cir- 
, ;)WW»we au centre, et comme ce lambeau etolt un fegment;iwlgdl l t^s , dd' , ^ai , rc 
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did not converge fufficiently to form a centre at the- 
chord; and that the point of union of thefe radii was the 
centre of a circle equal to that formed by the bafe of the 
old anemony (fee tab. hi. fig. i . its natural fize, and fig. 
2. magnified). During the firft days this little fragment 
acquired plumpnefs, bent itfelf gradually into a round, 
figure, and feemed to make fome efforts towards forming 
itfelf into the fhape in which it appeared on the 25th;; 
the fibres becoming gradually more convergent, the chord 
of the arch fhorter, and the arch a fegment of a fmaller 
circle. At length the radii united in a centre (fee fig. 3. 
magnified) and its profile appeared a fegment of a fphere 
(fee fig. 4.) ■ ' ' 

On the 3 oth of October I perceived in this fragment con- 
fiderable contractions and dilatations in the direction of its 
thicknefs ; but could fee no mouth nor limbs. On the lit 

of 

pas affez pour former tin centre a la corde ; et que le point de reunion de ces 
rayons etoit le centre d’un cercle egal -a celui que formoit la bafe de 1’ anemone : 
voy€z Tab. iij. fig. i. eta. dans Fane il eft de grandeur naturelle, et dans I’autre vfl. 
&. la loupe. Pendant ies premiers jours cette petite portion prenoit de Pepaiffeur, fe 
recourboit et s’arrondi £Toit peu a peu; elle tendoit de toute fes forces a prendre lai 
forme ou elle parvint le 25, e’eft a dire que petit a petit, les fibres etant devenus ; 
pirns comrergens, la corde de Fare du cercle plus courte, Fare une portion, d’un 
plus petit cercle, il s’etoit forme un centre de reunion cle ces rayons, qui occupoit 
le cote de ce petit corps anime, comma le reprefente la figure 3. qui eft vile a la. 
loupe; quant au profil, il eft reprefente. paV un fegment de fphere, ou par la, 
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of November it moved from its place. On the 7th I difco- 
vered, by means of a ftrong lens, an orifice and fome ap- 
pearance of limbs. On the 1 bthlfaw them verydiftinaiy. 
On the 1 7 th it changed its place again. At the beginning 
of January 177 6, the folds of the body were formed, and 
then it could not but be confidered as a young anemony, 
S imilar in every refpe& to the old one by which it had 
been produced* except in the number of limbs, which 
however, although the animal be ftill very fmall, are 
now increafing. The femi-tranfparency, which often 
prevents accurate obfervation, allowed me to view the 
gradation through which the fmall fibres became con- 
vergent: I could aifo fee the gradual contraction of the 
angles of the fegment, and that not a lingle particle of 
the fragment perifhed ; all feemed to be re-incorporated 
into the mafs . The word all muff not, however* he 
taken in a ftridfc fenfe; for I muft confefs that I per- 
ceived fome yellowifh filmy matter round this little 
, •; ■ < - mafs, 


places Ley, a Fstidc 8 tine forte loupe, j’ai apper^u vm orifice, et des apparences de 
niembres# Le 16 je les ai vus trfs diftin&ement. Le 17 il a de nouveau change 
commencement it Janvier 1776, le pli du corps s ? eft forme; c’etoit 
tfoncalors- nee petke anemone qui, a Fexception du nombre des membres, reffem- 


tM#' acelle dont elle etoit pro venue; les membres augmentent, et 

peti.te^ La demi-tranfparence, qui gene quel- 
obfervatians, m’a perxnis de difiinguer le progres par lequel les 
^ J*&e» fibres font dtvtmm conyergentes : J’ai vu aufli les’ angles de fegment fc 
ne si^parii pcrir: tont&’eft refouledaik 

; pris a k lettre: jkiapper ? u qu<&jues pe%s^es'^de%ae% . 
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mafs, which feparated from it; hut its quantity was fo 
fmall, that I could not thence infer the lofs of any par- 
ticle of the Hired, and rather imagined that this matter 
was merely the effect of fome fecretions or extravafated 
humour. 

What Hill leaves me a doubt concerning the germ is, 
that this effedfc has been more confiderable in fbme of my 
experiments than in others. Had the fragment of the 
anemony contained a germ, it might be concluded that 
the membrane which covered it fliould have perifhed as 
foon as the animal was formed ; this however was not 
fufficiently evident in feveral cafes, .and efpecially in thofe 
where the fragment had been naturally torn off. At firffc 
the Hired was thin, and thinner Hill before it was fepar- 
rated from the old anemony; and no bulb could ever be 
perceived either theii or in the fequeh I was then led to 

imagine. 


fubftances un peu jaunatres, autour de la petite maJTe, qui en out ete feparees ; 
mats elles etoient en fi petite quantite, que je n’ai pu en conclure qu’il eut peri 
quelque chofe du lambeau, cette fubflance etoit peut-etrc due a des fecretions ou 
a quelque humeur extravalee; ■ 

Ce qui me la’rfTe encore un cloute reel, c’eft que cet effet a etc plus fenfible dans 
quelques unes de mes experiences. Si cette portion d’anemone eut co'ntenu uii 
gerrne, n ? eft-on pas ports a penfer que lcs membranes qui l’envelopent auroient 
peri lors de fon developement. C’eft ce qu’on tie remarque pas d’une maniere 
affezdenfible dans plufieurs, et furtout dans ceux qui fe deehirent naturellemnrit.. 
iyabord le petatilaipbeaq^tdk mince- et, ttvaftttjn’iifut ftpkt* <fe Pis 
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imagine, efpecially on account of the union of the fibres 
in a common centre, that q, Ample Hired produced an ane- 
mony. But from what caufe does this little fragment 
contract into a circle, and increafe its thicknefs ? how 
fhall we account for its vifible tendency towards forming 
a new animal? is it a neceffary inftindt? can it be ad- 
mitted that in thefe animals the vital principle is pecu- 
liar to every particle? and in what manner is it, or is it 
not, fubordinate to the general organization of the indi- 
vidual, according to circumftances which it feems in our 
power to modify ? How many fpecious reafonings might 
be made on this fubjeft, did we prefer the admiration of 
the public to real truth ! The only inference that I think 
can as yet be 'derived from thefe and the following obler- 
vations is, that there certainly are |pimated beings which 
multiply, as it were, by flips; but whether the- con- 
currence 


apparenee de bulbe, et je n’y en ai point vu depvjis : j’ai done ete tente de croire, 
fmtfout a caufe de la reunion du bout des fibres a un centre cominun, que e’etoit 
.uafijpple iambeau qui devenoit anemone. Mab qui eft ce qui fait, qu’etant 
-detacbee, cette petite portion fe recourbe, et prend de l’epaiffeur ? par quelle caufe 
vilihaiwal; a former ua animal?,, fent-elle alors, la neceffite de le 


J Jfcfwincipede laYielcroit-il, dans ces animaux, particulier a chacunc 
comment eft 11, ou n’eft il pas, felon les> circonftances que 
i faire naitre, fabordpnne a 1’organifation generalede Findividu ? 
>it tente de preferer Fadmiration du public a la bonne foi, que de 
^ i? ^«;.ffq^i,!iie,fembIe ( qu f on,peut cundpre4ws, 

' feivtc,- e ? eft 

t comme de boutute; raais j’attend? 'fiyire,' 1 ' infill; .jp^Vdes 

nquvelles 
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currence of two fexes may or may not be difpenfed with, 
is a facSt I expedl to learn from future experiments, i 
can at prefent only fufpedt its being unneceffary, fincethe' 
anemonies I had hitherto operated upon were all pro- 
duced at fea. The manner in which they multiply feems 
Itrongly to favour that fuppolition : fuch ideas begin al- 
ready to become, familiar to us, they appear lefs lingu- 
lar.; and yet how different are they from thofe we ufed 
to entertain of the animal creation ! 

Let us now proceed from the operations of mete na- 
ture; to fuch. as are in fome meafure' the effect of art. On 
the 1 2th. of December 1775,1 fevered with- the point , 
of a knife .ten imall. pieces from the bafes of feveral ane- 
moni.es, at the; places where they‘feemed''the' moth dis- 
tended, and moft adherent to large oyffer-lliefis,- from 
which they .dropped* after: the operation., 1 put thefe 

pieces 

nquvelles experiences, fur Pinutllite clu concours des deux fexes ; jVne puis que la 
foup^oaner, pareeque les aaemones que j’ai opere jufpfici etoient uees en mer* * 
La lmnlcre clout ces animaux fe* multiplient femble etaycrfqrteraent ce foopfoiu : v 
Deja nous nous accoutumous a toutes .ccs klees notiyplles; elles nous frapent inoins - 
cependant combien -font elles eloignpes* do cellos que nous avions. de rani-mail «, , 4 $ j 
Fallons. main tenant des operations propres de la nature, a-cdles ou Part ent|e L. 
pour quelque chofe. Le 12 Decembre ■ 17 75,, jV .con-paly. , av.ee , le bQp-d’un < i 
biftoun, dix pcfcites portions des .bords: de la ,bafe de plufieurs anetoon^-a^lh- 
endroits ouecs bafes plus,;etepdws, et, ,jplus\,^b^eiite§ f| 5 de& ^eQap€prid#:f| 

gracin’ da»t elte, fe^^bpiont fi«j 

" r /*"’ : ’ 'if 1 dap 
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pieces into different vafes. The next day two of them 
ftuck to the bottom; on the 14th two more adhered; 
on the a 2d, fix of them; on the 24th, nine; and on the 
27th, all were affixed. Each of them went through the 
fame progrefs as the pieces which had been torn off na- 
turally; and before the beginning of March they were 
all furnifhed with limbs See. Although I be confcious 
of having been very accurate and attentive in my obfer- 
vations, {till I have not yet been fortunate enough to fee: 
all that I could with. 1 {hall however repeat my at-, 
tempts, and 1 have great' expectations from the hew ex- 
periments l meditate* The prefent have pointed out 
fome differences which lead to feveral reflections. Thofe 
ihreds which had been cut of a larger fize, produced (be- 
fides the films they may haveloft) larger anemonies . Whe- 
ther this multiplication he the effeCt of a bulb, of a germ,. 

or 

dans aiatant de yafes: 1c lendemaia deux etoient attachees an fond ; le 1*4 deux: 
anfeei etoient de roeme attaches* !e z% fix, le 24 neufj et* le 27 elles Tetoient 
lOBtes. CHaetme <f elles m’ayant prefente fucceffiVement les ipenies progres qu’a- 
portions detachers naturellement* il fcroit jhutite de les decrire db 
'*■ zvwfc le premier Mars elles avoient toutes des membres, &c» Quoique 

avec le pins grand , forn ce qui a’eft paffe, je n’ai pas ■ encore ete 
fCPV roir tout ce que je defirois ; mats j’y reviendtai et j’efpere 
beaiieoBp- -tfes nonydles tentative* que je medite* Celfes-ci m*ont offert des. 
- qni' donnent lieu a quelques reflexions* Ceux de* ces. petits moreeaux 

coupes plus grand*, ontproduit (independkmment db ce qui a 
&t. anemones plus grander §i; e’eft en vertu d*unc bulbe, 

' ' , , 1 ‘ gcraoc*. 
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or of an egg, it ftill appears that its teguments, and all 
that is contiguous to thofe teguments, Ihouldnot be acon- 
ftituent part of the animal, and that only a larger germ 
can produce a larger animal. 

Is it then in our option to produce anemonies not only 
when we pleafe, but alfo of what fize we pleafe^? Or 
does the multiplying anemony follow in this its own in- 
clination? All this, added to the junction of the fibres, 
feems very oppolite to the opinion of the germs or eggs; 
but on the other hand there are obfervations which fa- 

(a) Without invalidating what is here faid, fome experiments haye induced 
me to think that this affertion fhould be admitted with fome limitations; 
that if the fhreds be very large, they will perifh; that in general, only 
final! ones fhould be cut, without either fretting or tearing them ; and that the 
vafes fhould always be kept very clean, and the water as dear and as firefii as 
poffifeie, 

your 

germe,ou d’un oeuf quelconque, que cette multiplication fe fait, il femble que tout 
ce qui y feroit joint comme envelope, ct plus encore comme contigu aux enve* 
lopes, devroit m pas faire partie clu petit animal, et qu’ii n’y auroit qu’un germe 
plus gros, qui donnat une anemone plus grofie, 

Sommes nous done les maxtres, rjon feulement de faire nahre les anemones 
quand nous voulons, mais memo de leur donfier plus ou moms de groffeur (ft) l 
L’anemone qui multiplie en difpofe-t-dk auffi a fon gre ? Tout m h joint a la 
reunion des fibres, femble bicn oppofe aux germes et aux oeufs; mais auffi d’autres 
obfervations leur font favorables# II m’a fejnble qu ? il fe feparoit un p&U plus dp 

(a) Sans affoiblir ce que j’expofe, quelque$*exp.eneiices rne font penferque cod * des borne* 
affix erroites; que des morceaux trop grands peyiffeitt > .,<;t qu’en general il jfeoi 
depots, fans Jes tiraiikr; que les vafes do'ivent erre nets, &l*cm clake' et/faiclxe. I; 'J , 1,1 

' . ' ' ' - ■ i I ' <'!.■'( -fl'i' ■/■I 
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vonr it* It appeared to me, that more of the membrana- 
ceous particles came off from the flireds which had been 
clipped.of a larger lize, than from thofe which had been 
naturally torn from the anemony ; but as, I have not had 
occafion to obferve many of the latter, this difference 
may he owing .merely to the different fizes of the flireds., 
Another circumftance I obferved. in ' the pieces that 
. w^e naturally torn off is, that there are ,£pmp £; \yhiqh 
produce feveral anemonies, which fometimes remain 
united, and at other times feparate. I have myfelf fre- 
quently feen this operation. One of the flireds I had clip- 
ped was of an irregular fliape, nearly as in fig. 5. A, little; 
contraction was foon formed between the two extremities,, 
both of which became round, fwelled and; affirmed the ap- 
pearance of two drops of tallow the contraction became 

like 


ces.efpeces de pellicules. des morceaux coupes un peu gros, que'de ecux arracMs, 
natt«%!Bek;pap l'aBeBioQe mSme ; mass ccmme jeif&i etc occafion d’obferver 
qu’tan petit nombre de ceux-d, il poarroit arrives que cette difference nc feroit 
due tpfm plus cti niora* ffetehdiie da lambeau. 

l T ne ant»e ranarqne que j*avois deja faite dans tes rnorceaux fepares natu- 
relfctttMW '‘sfetc trouve quelques uns d’ou naiffent plufieurs anemones* 
enwecks queli^s il*y en *qui refient unies, tandis que d’autres fe ieparent. ' Cette 
efNSlp*dfeM*‘«^rjtr. Unlambea® que j’Wwiisoiipl "amt'&peu, 
pres la forme que reprefente la figure ^ II fe forma un petit etranglement 
enrfe Ata et Pautre de fes bouts ; cfiaque bobt prit une figufe ronde, et leur fur-. „ 
& goute de fuift I’eiranglement. dcyint comme uni 
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like a thread (fig. 6.). On the 24th of January, the 
largeft piece (for they were of very unequal fizes) crept 
up a little way on the fide of the vafe; and on the 28th, - 
the thread broke, when the two fragments Became two 
diftinfl anemonies. Doth this imply that there were two' 
germs in the Aired? Or may one fingle Aired, without 
any bulb, -germ, or egg whatever, produce one or more 
anemonies either porinedted or feparate ? Thefe are ques- 
tions I am not yet able to folve, and I wiflil were the only 
one thus uninformed. But to return ; the following fadts, 
of which -I have frequently been eye-witriefs, muft now 
be admitted, i ft, -That the anemonies of this Species ' 
are multiplied by flireds, both naturally and. artificially., 
adly, That thefe flireds produce fometimes only one, and- 
at other times feveral anemonies. 3dly, That among 
thefe young anemonies formed by one. Hired, feveral re- 
main; 

filet,, figure 6, *Le 24 Janvier, la plus groffe partie (car elles etoient fort Incgales) ; 
monta m peu aux parois du mfe$ le 28 le filet s’eft rompu, et ces deux parties 
font deveniics deux petites anemones, Y auroit il done eu.deux germesdansce mor- 
ceau ? ou bien- peut-il d^un fimple lambeau fans bulbe, fans germe, fans' oeuf " 
qnelconque, naitre une ou plufieurs anemones, times ou feparees ? Ceft ce que je 
ne finals pas encore, et je voudrois etre le feul qui I’lgnorat. Revenons done a cette * 
fource feconde, D’abord on doit regarder comme des faits certains, dontj’ar ete : 
temom plufieurs fois, if, que les anemones, de cette elpece fe muhiplientx 
Eaturellement" et artifioielleinent |>ar : des ‘latribdfeic 4 '; 2% que, ces lamBeabx 
deviennent fouvent tine, 'quelquefdis 1 plufieurs anemones ,* 3 0 , que de. ces , 
getites anemones, forme.es 4’unmeme lambeau, plufieurs reftent unies entre elles . 

qu.oiq^«- 
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main connected, but that the greateft number Separate 
by contractions. 4thly, That among thofe which remain 
connected there are fome which grow to the largeft lize, 
fuch as '.the monftrous anemony mentioned in my fecond 
effay, in which three individuals had been blended toge- 
ther; and another of a fmaller fize in the fhape of aY^, 
reprefented in the plate of the fame eflay, which before 
my own eyes produced a young anemony, by tearing a 
fmall fhred from the bale of its coat. 

What do we then perceive in thefe flireds ? Nothing 
hitherto hut a membrane which was before part of the 
bafe of the great anemony, a mere Ikin which was part of 

(b) This Ipecies, which is fo fertile in monftruofities, has alfo prefented me 
with one which had two bodies on one bafe* Of the firft fpecies I have as yet 
feen but one monfter, which on the contrary had two bafes and only one body. 
I few it at ks birth. 

* its 


quoique le plus grand nombre fe fepare par etranglement; 4 0 , que parmi celles 
qui refient unies, il y ena qui deviennentde la plus belle groffeur r t;omme fane- 
mane manftraeufe dout jYi parle dans man fecond niemoke, dans kqnelle trow " 
Individus etoient coafondos, et une autre moms groffeen forme d’Y (b ), repre* 
featee dans !a*pianche An meme me moire, qui produilk devant moi une petite 
anemone cn dechirant un lambeau du herd de la bafe. 

Qtdapperjoit-oa done, dans i’un de.ces iambeaux ? Juiqu’ici je n^yai^qu’une 
membrane qui fai foit .auparavant partie de la bafe de la grande .anemone^ une 

Ctet efpcce fSconae.cn raonfkuofite m*en .a encore .offert une qui a deux corps fur une 
ftSy Jft n*ai cu qu’uo mon&re de la premiere efpece, il avoir au contraire deux 
,W| ; %| corps, Je Fatois vu naitxe. 

$ 


pean* 
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its coat; fome mufcular fibres and fmall internal fila- 
ments defcribed in my fecond efiay, as they appeared in 
the folar microfcope; and a clammy fubftance filling up 
the interftices. When fuch a flared is decompofed, it 
changes into a whitifli glutinous fubftance, which, 
through a microfcope, appears a mafs of minute globu- 
lar bodies, that feem ftill to be of a compound texture^, 
and fome of which are of a larger fize, and of an oblong 
oval fhape (fig. 7 .) as they may be often obfferved in- 
fea-water viewed through a microfcope. The circular 
edge of thefe flireds which formed part- of. that of the- 
old anemony, retains the faculty of adhering and loofen- 
ing itfelf; nor do any of the fibres perifh in the forma- 
tion of the new animal; they only receive a new arrange- 
ment, or acquire a greater convergency. What, eaufe 

can- 


peau portion de fa robe, des fibres mufeuiaires, des petits cordons dans- Pinter 
xieur dont j’ai parle dans mon fecond memoire apres les avoir examines au micr6- 
fcope folaire, e.t enfin une matiere gelatine, ufe qui remplit les intervalles.. Lorfque * 
ces 3 am beaux fe decompofent, il en refulte une matiere blanchatre, . legerement 
vifqueufe, Lquelle,. vue au microfcope, offre des efpeces*de corps g!obulcux,,tres . 
petits, qui paroiflent compofes, et parmi lefquels on remarque une grande, quan- 
tity d’animaux plus, grands, d’umovale fort allonge, comme le reprefente la figure ; 
7, et comme on en voit forwent dans Peau de. lamer examinee au microfcope. 
Le bord en portion de cercle de ces lambeaux, qui formoit celui de lagrande ane- 
mone, conferve la faculte de s’attacheret de fe detacher,^ et dansda formation du, 
petit animal les fibres ne fe detruifent point, ils ne font que prendre comme Pea > 
m Qowd atrangepient^ou de convergence* Quelle pent 
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can we then affign to the tendency thefe fibres and thefe 
fhreds have to form a new animal ? It pan eafily be con- 
ceived that the exterior border of the fhred, preferving 
the faculty of adhering, may form a fegment of a fmaller 
circle ; but it might equally incline to form afegment of 
a larger one, did it not feem more natural that a body en- 
dowed with fenfation, fhould rather endeavour to clofe a. 
wound, than to open and rend it mope anymore. There 
muft then be in this Ihred a certain degree of fenfation,, 
fince in order ■ to , fix, and; to loofen itfelf, , occafionally, it 
mult have a perception of its adherent or. detached ftate. 
But there is even more than this in the Ihred we. are ex- 
amining ; for allowing that the, border affumes.ajdrcular 
ihape, and, thereby caufes. a convergency, of the fibres, 
that the angles contract, and the wound doles, the re fult 
of which is a fmall animated body; yet it will always be 

difficult 


la canfc par laquelle ces fibres, et le lambeau entier, tendent a former, et fem blent 
former en effet tine petite anemone ?; On conceit ailment que le bord exterieur 
da lambeau, con fervent la faculte de skttacher, pent former nne portion d\m plus 
peril ceffcteq ma%aqffi il pemrroit en 'former nne d’un grand, fi ce ji’eftqu’il paroit 
plus naparel 1 poinrun corps doue -de la faculte de fentir, de tendre a : reformer 
une playe, que de fouvrir, on de la, tirailler de plus en plus. II. y a done dans ce ‘ 
petit lambeau une forte de fenfation, puifqne pour s’attacher et fe detacher au 
befcln,' ii femble qu’oa doit fentir qu’en s’attache ou qu’on fe detaclie. II y a 
ce’ lambeau que nous obfervons, car quand le bord s’arrondi- 
fibres prendroientde U convergence, que les angles- fe'riqv 
pmdieroient/ qiie k playe fe cojifolideroit, qu’en refulterok-i« -un petit corps " 

1 • 1 anime ? 
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difficult to conceive how this fmall Aired preserves all 
thefe faculties, how this animated being acquires the 
power of loco-motion, and whence proceeds the whole 
reproduction of an animal. Where fhall we find the 
principles of the limbs, of the inteftines, of the mouth, 
of the fold in the body, of the elegant tufts which ter- 
minate the limbs, &c. fince nothing of all this can be 
obferved in fuch a fragment? Shall we feek for that 
principle in the flender threads, the conftructionof which, 
feen with the folar microfcope,had ftruck me with admi- 
ration? but my obfervations have not convinced me that 
they were intended for thefe purpofes. What would 
have determined my opinion in favour of thefe filaments 
is, the facility with which they wrap themfelves up in a 
Ipiral, and form certain parcels (which have the ap- 
pearance 


anime ? mais outre qu’il fera toujours difficile de conccvoir comment ce petit ” 
lambeau conferve ces facultes, et comment ce corps anime acquicrt celle dc 
changer de lieu au befoin, on pent encore demander d’ou procedera 1c develops- 
ment qui fuit ? ou fe trouvera le principe dcs membres, des inteftins, de la 
bouche, du pli du corps ? d’ou naiffent ces beaux panaches qui terminent les 
membres, See, puifque rien de tout cela ne fe remarque dans cette partie? 
Chercherons nous ce principe dans les cordons delies dont la ftruclure, au ml- 
crofcope folaire, nous a paru fi admirable? mais je n’ai pu trouver dans Fobfer- 
vation de quoi me convaincre qu’ils foient deftines a cet ufage* Ce qui eut etc 
bien plus capable de me fixer fur ces cordons, e’eft la facilite qu’ils ont de fc 
rouler en fpirale* et de former des efpeces de paquto qu’on appercoit comme ua 

v o l* lxvii '' ■ " " "• ; ' • L ; ' " " ' petit 
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pearan.ee of fmall whitifh bodies) near the border, be- 
tween the fkin and the bafe of the young anemonies, 
when they extend the latter. I might have been parti- 
cularly influenced by the number of floating tranfparent 
globules, which, by means of the microfcope,. I have 
often feen among thofe filaments, and which appeared 
nearly of the fame texture: but it muft be here obferved 
that the illufions of the microfcope are often very great,, 
on account of the fpherical form and tranfparency of 
thofe globules, which at firft fight appear to have a large 
hole diametrically through them. The globules which, 
by means of the microfcope, are often feen in fea-water, 
evidently contain a liquid; and here all my knowledge 
ends. Does the principle we are in fearch of exift in 
this gelatinous fubftance, concerning whofe texture we 

are 


petit corps blancliatre vers les bords^ entire la peau et la bafe des jeunes anemones* 
lors qtf dies Fetendent. j’aurois pu encore etre arrete d’une maniere plus par- 
ticuliere a Pafpeflt de certains globules flotans et tranfparens, que j’ai fouvent 
trooves. au microfcope parmi. ces cordons, et qui me paroilfent compofes a peu 
pres de meme, autant que les Illufions microfcopiques permettent d’en juger $ car 
illufions font fort grandes a caufe de la fphericite et de la tranfparence de ces 
globules, qui au premier coup d’osuil femblent perces diametralement d’tm gros 
ttou; et k microfcope fefaire ne m’a pas mieux fervi que les autres a ce fujet. Ces 
•gtebuks, qui d’ailleurs fe rencontrent fouvent dans Feau de la mer vile au mi- 
crofcope, font fans doote remplis dkine liqueur j et voila ou fe terminent toutes 
mes connoiflimces. Sera-ce dans la fubftance gelatineufe, dont la texture m lions 

■- 1 , eft 
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are as yet perfectly in the dark? If ever we difcover this 
texture, it will probably lead us back to a more diftant 
mechanifm, and this to another of a ftill more delicate 
order : this laft perceptible caufe, will probably conduit 
us to the general order, that is to nature ; and nature to 
its Author. But how fatisfaitory, how ufeful may it not 
prove to unravel by degrees (although perhaps with 
fome uncertainty) even the coarfeft mechanifm by 
which nature operates? Shall we fuppofe that the ge- 
latinous matter is nothing but an irregular, inco- 
herent fubftance ? At firft fight the fame might be faid 
of the white fubftance of the brain, although it feem 
to have more confiftency; yet in many places it ap- 
pears fibrous, and if we could trace it through the 
nerves, we fliould no doubt difcover a moft admirable or- 
ganization. The operations of nature in eggs, chryfa- 

lids, 


eft point conniie, qu’exiftera le principe que nous cherchons? Si nous la con- 
noiffons un jour, elle pourra bien nous renvoyer a un mechanifme plus eloigne ; 
celui-ci a un d’un ordre plus delicat ; et enfin la derniere caufe apper^ue, a l’ordre 
general, e’eft a dire a la nature} et la nature a fon auteur. Mais combieu 
n’eft il pas fatisfaifant, combien ne peut il pas etre utile, de developer pen 
d peu, quoiqu’avec quelqUe incertitude, le mechanifme m£me le plus grofficr 
par lequel la nature opere? Cette matiere gelatineufe ne feroit elle qu’un 
corps informe fans texture? a la premiere vue nous en dirions bien autant , 
de la fubftance blanche du cerveau, quoique plus compare; cependant en 
plufteurs endroits elle paroit fibreufe, et ft nous pouvions y fuivre les neffs* 
nous dlcouvririons fans doute une organifation admirable. Ce qui ft pafte 

L 2 !■ dans 
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lids, nymphs, and a great number of marine bodies, feem 
to juftify the opinion that there is, in certain humours, a 
kind of organization which is imperceptible to our eyes, 
and conceals from us great and important myfteries. All 
this muft then be fuppofed to exift in the gelatinous 
matter contained in our fmall fragment : and it is this, 
perhaps better than the reproduction of parts, that will 
point out 'to us at large, the imperceptible operations of 
nature in the formation of the fcetus, of eggs, and per- 
haps of all that may be called a germ. It is thus that 
the different views taken of nature may mutually clear 
up each other. I have not the vain prefumption to 
think that I fhall be able to make a great progrefs in this 
dark career; all I boaft is, that I have dared to enter into 
it, I have great expectations from the experiments I 

have 

dans les oeufs, dans les cbryfalides, dans les nimphes et dans une affez grande 
quantite de fubftances qu’on trouve dans la mer, &c. porte a croire qu’il 
y a dans certaines humeurs une forte d’organifation qui nous echappe et 
qui couvre de grandes merveilles, II faudra done fuppofer tout cela dans la 
matiere gelatineufe de notre petit lambeau ; la, plus encore que dans les repro- 
ductions de parties, elk pourroit nous oifrir en grand, ce qui precede en tres petit 
la formation du foetus dans rceuf,et peut-etre celle de tout ce qu’on peut appeller 
germe. C’eft ainfi que les differens points de vile fous lefquels on peut confi- 
de*?* les operations de k nature, pourroient s’eclairer mutuellement. Je n’ai pas 
la folic pre&mption de croire que je ferai affez heureux pour faire beaucoup de ■ 
ekemindans cette carriere obi'cure, je me fens feulement le -courage d’y entrer. 

3 J e 
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have in view; but I fb.aU be obliged to take up the fub- 
jeft far backwards. An accident has juft now deprived 
me of my twelve little anemonies : the fea-water was, in 
in the firft days of March, fo much troubled by the fall- 
ing in of part of the cliff, See. that my great anemonies. 
of the firft and third fpecies have conftderably fuffered, 
and all the fmall ones of the fourth fpecies died in one 
day. Another accident had juft preceded this, and had 
occafioned the lofs of a whole year’s labour : on the a 8th of 
January, Reaumur’s thermometer fell to 15 0 below the 
freezing point; I had then forty vafes containing anemo- 
nies on which I was making experiments, and was at the 
fame time attending to other avocations : notwithftand- 
ing all the meafures I had taken to prevent it, the water 
froze in feveral of them : my anemonies however would 
not have died, fince one of the firft fpecies, which I had. 

on 


Je compte beaucoup fur Ies experiences que je rnedite, mais je ferai oblige de 
reprendre les chofes de loin. Un accident vient de me p river dc mes douze petites 
anemones : l’eau de la mer, dans les premiers jours de Mars, a ete tellement trou- 
pe 6 par 1’feboulement des falaifes, &e. que mes grandes anemones de la premiere 
et de la troifieme efpece ont conliderablement foufferr, et les petites de la 
quatrieme font toutes mortes en un njeme jour. Un autre accident avoit precede, 
et m’avoit fait perdre un an de travail: Ie 28 Janvier, le thermometre de 
reaumU'R delcendit a 15 0 de condenfation j j’avois alors quarante vale's d’an£- 
mones de mer en experience, et. mes loins etoient partages par d’autres objets 
quelque precaution que j’aye pris, l!eau de plulieurs gela; mes anemones n’en 
, ' ■ ■ ' ' feroienfc 
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on purpofe fuffered to freeze out of the water, did hot 
perilh; but they fuffered a good deal, and I am deter- 
mined to avoid all uncertainty in my experiments. 

If we judge of the multiplication of the anemonies of 
•the fourth fpedes, by the number pf young ones that 
are feen round the large ones, it muff be very confidera- 
ble. This fpedes alfo affords us a Angularity which is 
not obfervable in the frefh-water polypi, that of multi- 
plying by tearing off, .of its owh accord,, fmall fhreds 
from its body. 

Although the main Objedt of this effay be the genera- 
tion of the fourth fpedes, I cannot however omit ob- 
ferving that feveral of its individuals, having been cut 
into two equal parts perpendicularly to their bales, 
formed each of them two compleat anemonies. And I 
beg leave toinfejt here an obfervation on the firft Ipecies, 

which 


feroient pas mortes, puifqu’une de la premiere efpece, que j’ai fait geler expres 
a fee, n’a point peri : mais elles ont beaucoup fouffert, et je ne veux aucun 
■equivoque dans mes experience. 

A en juger par le nombre des petits qu’on trouve antour des grofles. anemones 
de la quattieme efpece, lear multiplication eft tres nombreufe: elle offre aufli, 
comme on vient de voir, une fingularite que ne nous ont point prefente les 
.polipes d’eau douce, celles de ie multiplier en s’arrachant elks memes des petits 
Jambeaux. • 

Quoique ce memoirc ait ponr objet la generation de laquatrieme efpece, je ne 
ilmfferai pas d'indiquer que plufieurs de fes individus, coupes en deux portions 
.egaies perpendiculairenieat a leur bale, ont forme cliacun deux anemones .* et " 

d’inferer 
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which will in fome meafure fupply the want of an eifay,. 
the publication of which is retarded, by the abovemen- 
tioned accident. 

A FURTHER OBSERVATION- ON THE FIRST SPECIES. 

TOWARDS the end of the year 1774 , 1 cut in two, 
in a perpendicular: direction,, an anemony of the firft 
fpecies, which had been formed from a moiety of one I: 
had cut before, , fo that each half was then only a quarter 
of the primitive anemony. Thefe two halves had the 
fame fate as the firft fedtions ; and one of them, after 
having been thus reftored, and having been, always kept 
by itfelf, produced, on the ift of J une 177 5, a young ane— 
mony as perfedt as thofe that are produced at fea, and of 
the fame colour as the mother. It muft be remembered 

that 


d’inferer ici une notice fur la premiere efpecc qui lupplcera cn partis an memoirs 
clout les accidents que je vicns de rappoter retarcleront la publication* 

NOTICE SUH LA PREMIER E ESPECEi 

A LA fin de .1774, jp coppai par la flpqitie, daps une diredtion perpendicu- 
iairs a fa bafc, une anemone de la premiere efpece, qui apres Pavoir ere, 's’etoit 
reformee : cliaque moitie n ’eto.it done aiors que le quart de Fanemone primitive, 
Ces deux parties ont fait comme la premiere fois; et une d’elles* apres s’etre ainli 
reformfe, et avoir toujours vecu en particular* me donna* le premier Juin 1775* 
une petite anemone* auffi.parfaite que cellos. qui .naiffent a Ja raer* et de la meme 

couleur que la mere. , Qf’pft j’uge demaforprife je m’attende a tout $ et . 

' 
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that in this fpecies, the young ones are entirely formed in 
the infide of the animal, whence they are put forth 
through the mouth;- fo that, whatever idea we may form 
to ourfelves of this fpecies of beings, we can find no real 
analogy between any fe&ions from them, and thofe torn 
from Items and roots of certain trees, with a view to mul- 
tiply them.' The young anemony we are fpeaking of is 
not large enough to favour the fuppofition that it had 
been ready for birth, in that part of the old anemony, 
for more than two years before; fince fome young ane- 
monies of this fpecies, which I had kept in order to ob~ 
fer.ve their encreafe, have in ten months time grown to 
double the diameter of their bafes, without my having 
ever taken the trouble to feed them: and it is befides 
known, that it is ufual for thefe anemonieSj when they 

are 


fi. on me demande, comment ceci, comment celal je repondrai fans rongir 
;(puisqu’on peut le^faire ma'mtenant) ]e n’en ffais rien. On fe reffouvicnt fans 
derate que, dans cette efpece, les petits font enticement formes au plus intcricur dc 
l’animal, d’ou iis naiffent plus ou moins gros par la bouche i ainfi on ne pour- 
roit, quelqtf idee qu’on fe fit de ces animaux, trouver d’analogie reelle entre ecs 
fe&ions, et celfes qtfon fait aux tiges et aux racines de certaines plantes pour les 
multiplier. La petite anemone dont news parlous n’eft pas affez grofle pour 
qu’on puiffe penfer qo’elle-ait refte prete a naitre depuis plus de deux ans dans cette 
partie de {’anemone primitive, puifque des petits de cette efpece, que j’avois pre- 
cSfemmetit gardes pour en obferver I’acroiffeinent, ont augmente du dbublede Ijeur 
diamefei en dix tools, fens queje pride la peine de les nojirir; et on ffait d’ail- 

leurs 
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are put to any pain, to ejed all the young ones they 
contain. 

The reftored moiety produced another, young ane- 
mony on the 7 th of. Auguft, another on the 27th, one 
more on the ift of September, a larger one on the 20th 
of Odober; whereas to this day the other half has not 
yet afforded me a fingle young one. Another circum- 
ftarxe worth notice is, that the two halves of the origi- 
nal aiiemony never produced any young ones, neither 
during their recovery, nor after their reftoration. 

Some perfons, who intereft themfelves in the progrefs 
of my experiments, induced me on the 27th of June 
laft, to cut an anemony of the firft fpecies perpendicu- 
larly into four parts. For this purpofe I chofe a very 
large one, juft taken out of the fea; and on cutting it in. 
that manner, it put forth twelve young ones. One of 

thefe 


lours qu’il eft aflez ordinaire qn’une anemone, lorsqffdle foufFre quelque incom* 
mod he notable, pouffe dehors les perils qu’elle renferme* 
jftevenons a not re moitie reforraee ; ellem’a donne une autre petite anemone le 
5 A out, unc le 27? une 1 c 1 Septembre, enfin une plus grande que les autres 
le 20 O&obre : jufqffau 7 Mars 1776, que j’ecris ceci, i’autre parlie ne m’a 
point encore donne dc petits, Une chofe qui. eft a remarquer, e’eft que les deux 
monies de I’anemone primitive, ni en fe reformant, ni apres s’etre reformees, 
ne rn’en avoient donne aucun, ■ , ■ t 

Quelques perfonaes qui s’intereffent a mes experiences, m’inviterent le 27 
Juh'dmiier, a couper, perpendiculairement ajfab^fe,, nm anemone tkja premiere 
. efpece, en quatre parties, , coniine j’zn avois coupe en ; deux : fen pris une aflez 
Yol, LXVIL / M ' gro fie' 
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thefe quarters adhered the next day to the fide of the 
vafe: on the 30th it had crept to the furface of the 
water. It looked healthy till the middle of November; 
but at the end of the year the wound was not yet per- 
fectly healed : neverthelefs, a few days after, it put forth 
a young one of a tolerable fize. The cold of the a 8th 
of January feems to have accelerated its diflolution. The 
fecond quarter had nearly the fame fate, except that it 
yielded no young ones. The third produced, on the 6th 
of September, a young one of a very fmall fize. On the 
1 5th the wound feemed to be clofed, but its place ftill 
appeared of a pale colour, tranfparent, and confiderably 
depreffed. On the 3 oth it put forth another fmall. young 
one; and on the a 6th of Odober, a third of a fomewhat 
larger fize. On the 29th of January 1776, after the 
water had been often frozen, I law it put forth, three 

young 


grofFe qui venoit d’etre pecliee, et en la conpant ainfi, die me donna douse petits. 
Une de ces portions s’attacha le lendemain aux parois du vafe : le 20 die 
etoit montee a flenr d’eaxr: elfc a fait bonne figure jufqu’a la moitie de Novem- 
bre: a la fin de Fannee la pi aye n ? etoit qu*l mparfai temen t confoli'dae 5 pen de 
jeurs zwzu% fans avoir Fair vigoreux, elle avoit donne un petit un pen fort* Le 
froid do 28 Janvier a pan* accelerer fa mine. II en a ere a pea pres de mcme 
de la feconde portion comme de la precedente ; mais elle n J a point donne de 
petits. La trcifieme nfa donne un petit d’une petiteffe extreme le 6' Septembre« 
jg > la playe paroifloit ceniblidee*; mais la marque en etoit tres fallible par 
1 la conker pale, la tranfparence, et un refte d’applatiffement. Lc 30 elle m*a 
£k>nne un petit tres petit, et le 26 Odtobre un ux> peu plus gros* Le 2$ Janvier 
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young ones of a moderate fize. On the 3 1 ft it produced 
a feventh ; but fince the froft it has ever appeared in a 
weakly ftate. The fourth quarter, after feveral changes 
in its irate of health, produced, on the 1 9th of Novem- 
ber, three young ones; one large, the other of a mid- 
dling ftzc, and the third very fmall. After the fevere 
cold it declined : it neverthelefs put forth three more 
young ones, and died one of the firft days in March. 
Thus from three of thefe quarters I had no lefs than 
fourteen young ones, befides the twelve the animal had 
produced during the operation. The interior contrac- 
tions of the anemonies not only renders it difficult to cut 
them into four parts ; but I have alfo obferved, that thofe 
left ions do not eaffiy recover a cylindrical form, and 
that they are eaffiy affedled by froft or any other acci- 
dent. This therefore is an experiment of little ufe, 

which 


1 776, apres que l’eau fat glacee plalieurs fois, jVi vu naitre trois petits de 
moyenne groffcur. Le 31 Fevrier ellem*cn a donne an feptieme ; mala depuis la 
gelee, elle a fait mauvaife figure. Apres des alternatives de bon et de mauvais 
ctat, laquatricme s'eft reformer, et m’a donne le aqNovcmbre trois petits, Pan gros f 
Pautre moyen, et le troiliemc tres petit. Depuis le grand froid die alloit mal ; elle 
a ccpendant donne encore trois petits, et s’cft dccorap' fee dans ics premiers jours 
de Mars. Void done quatorze petits donnes par trois de ces portions, indepen- 
damraent des douzcque Panemone avoir rendus en la coupant. Non feulement il eft 
difficile de couper exaftement ane anemone en quatre, a caufe des contraftions 
interieures ; mais meme j’ai remarque que ces portions avoient bien de la peine 
i reprendre unc forme cylmdrique, et que left accidens comme la gdee-et autres* 

M2 ' / 11 '■ ■ ' it* 
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which I only relate on account of the number of young 
ones; and tolhew, that even a quarter of an anemony 
tends towards refuming, and does fometimes a&ually re- 
fume the cylindrical form, which is the figure of the 
whole animal when it dilates itfelf. 


les afferent beattcoup. C’eft done tine experience peu fraftueufe^ que je ne 
r^apporte qu’a caufe des petits ; et pour faire connoitre que jufqu’a un quart 
d’anemone tend* et peut meme parvenir quelquefois a reprendre la forme 
cylmdrique qtFa Fanemone entiere lors qu’elle fe dilate. 
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VIII. Experiments and Obfervations in EleStrieity „ 

By Mr. William Henly, F. R. 

PART I. 

Remarks on the effects of lamp-black and tar , or lamp-black 
and oily as protestors of bodies from the Jlroke of light- 
ning with fimilar effects produced by experiments in the 
artificial electricity* 

Read,. Jan. 16 and 2 3 ’T^\R. LEWIS, ill his Philofophical Com- 

m erce of Arts, p. 364. mentions a 
remarkable inftance of the effect of a coating, of lamp- 
black and tar, in preferving thofe parts of the mail of a. 
fhip, which were covered with it, from damage by a 
ftroke of lightning which fhivered the other, that is, the- 
uncoated parts of it, in a very extraordinary manner.. 
The account is recited at large in vol. XL VIII. of the- M 
Philofophical Tranfadtioris. Captain nairne, in his; 
Remarks on the Effedts of Lightning, on the mails of 
feveral vefiels which were llruck in the Bafon at Que- 
bec^,, mentions, in his letters to fome friends in London,, 
no lefs than five infiances, where the lightning palling, 

(a) His own fhip, the GenerouS fri'mds,. was twice preferyed there by 
kis cbndttSoE. " , . . ■ . 1; , ; , r / 1 , * | ; ,i/-j >j, ' ' 

©yen 
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over thofe parts of the mails of the Ihips which were 
covered with lamp-black and tar, or painted with lamp- 
black and oil, without the leaft injury, fhivered the uu- 
coated.parts (tearing out fplinters five or fix feet in length, 
and fix or eight inches deep) in fuch a manner as to ren- 
der the mails entirely ufelefs. Avery curious inftance 
of this kind hath lately been communicated to me by a 
learned and ingenious member of the Royal Society, from 
whom I received the account which I fhall here infert ver- 
batim, 

. a On the firft of April, 1776, being on board a brig 
“ in the latitude 34 0 N. our veflel was ftruck with liglit- 
u ning, which difabled our fore-mall. Upon getting the 
“ whole of the top-malls down upon the deck, I ob- 
“ ferved the following particulars, with regard to the 
u courfe and effects of the electrical matter. The light- 
u ning had firft ftruck the pinnacle of the fore-top-gal- 
u lant-maft (on which, at that time, there happened to 
be no iron Ipindle, as ufual) which it juft fplit flightly 
Xl for about two feet and a half, where it was painted 
with lamp-black and oil (I could not, however, afeer- 
“ tain whether this part of the mall had been newly 
^ (fplit or not: it might have been firft occafioned by 
u driving in the iron fpindle, whereon a vane is ufually 
“ placed; for there was a hole where fuch a fpindle had 

“ been 
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(i been fixed) and then the lightning immediately fhi- 
u vered the reft of that maft as far as it was greafed, till 
“ it met the bottom of that and the top of the top-maft, 
“ which had like wife been coated over with lamp-black 
“ and oil, on an old coat of tar. Over thefe it glanced, 
“ without any perceptible effedt, till it reached that part 
u of the top-maft which was alfo greafed; this part it fhi- 
u vered, fplitting off large fplinters which were thrown* 
u on the deck. The lower part of the fore-maft being 
(i tarred, the lightning flid over it for about nine 
“ feet, without the. leaft mark of violence; then darted 
u into the fore-maft, where it was greafed;. rived it ter- 
“ riblv, tearing, off fplinters as large as a man’s arm, and 
u four or five feet long, all the. way down. It continued 
u this courfe till it again met a coat of tar, which was 
“ laid on the maft for more than five, feet above the 
<{ deck; here its effects on the maft difappeared, and its. 
a courfe feemed to be divided different ways by twoat- 
“ tractive bodies of iron; one, in a cleet. fattened to the 
a fore-maft, about ten inches below the top of the laft 
“ mentioned coat of tar, by two large fpike-nails : this 
u - cleet with the nails was entirely ftruck off;, the light— 
u ning then tore the canvas, coating round the foot of 
il the maft (about a yard below the cleet) without any 
other, hurt tp the piaft; itfelf; and from thence was 
. * , , . . * “ attracted; 
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' u attracted by a large anchor lying in a horizontal pofi- 
u tionon the deck, about two feet from themaft. All this 
part of the elechical matter feems to have been then 
“ difchareed bv the different conductors of the two flukes 

O * 

<c and the main fliank of the anchor, without any other 
u vifible effed than breaking a piece out of a large iron 
u pot, Handing in an immediate direction to one of the 
« flukes, and about ten inches' 'diftant. The other divi- 
(( flon of the eledrical matter darted from the mail to 
u the belfry, about fifteen inches diftant, tore off two 
** cleets faftened to it by large iron nails; then defcended 
u fo the large iron hinges which hold the palls or flops 
(joined to the belfry-pofts) of the windlafs, where, 
tc after tearing off a fmall nail or two, it totally difap- 
peared. • The belfry which was painted was much 
u fplit:, but not broke to pieces. The moft remarkable 
* { part of this accident, and for which the whole relation 
<£ is given, is, the effed of the tar and lamp-black and 
u oh as repellents of the eledrical matter; for in four 
■ “ iriftanceSj- rft, at the head of the fore-top-gallant-maft ; 
u adly, at the bottom of that and head of the top-maft; 
u 3 < 31 y, at the bottom of the top-maft and head of the 
fore-maft ; and 4th! y, at the bottom of the fore-maft; 
^ the lightning had glanced over all thofe parts without 
u doing the* leaft damage, and had regularly darted ititb, 

“ and 
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c{ and fhivered all the intermediate parts of thofe mails, 

6i where they were covered with greafe. This appears 
a fo extraordinary, to me, that I thought proper to take a 
Cl note of it upon the fpot, in order to occafion the making 
a of fome philofophical inquiries and experiments on 
“ the fubjedl by thofe more capable of accounting for it 
“ than myfelf : and for that reafon the above relation 
u may be depended on as juft and true, after a repeated 
“ and critical examination of the feveral parts of the 
a mails which I have defcribed. W. D.” 

In confequence of this relation, and the hint which 
concludes it, I have been induced to make the following 
experiments, ift, A glafs tube, eight inches long, with 
a bore or cavity of about a quarter of an inch diameter, 
being filled pretty clofely with lamp-black, and each end 
flopped with a bullet, the ftem of which juft entered, 
and was cemented in the cavity of the tube, conducted 
the charge of a jar containing three iquare feet of coated 
furface inftantaneoufly, but with fcarce any explafioaw 
idly, Such a tube being filled with, a mixture of lamp- 
black and oil (as ufed by the painters) entirely failed to. 
conduct the fhock. gdly, The outer furfacqof fuch. a tube 
being painted with lamp-black and oil, and excited-with 
dry warm flannel;., (daejubf : being alfp dry and 
w'armjasa very- 

, ¥ol. lx vii. ' n V' f 
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of poliflied plate glafs being introduced into the circuity 
the ends of the wires which compofed the circuit were 
laid at about an inch and an half from each other upon 
the furface of the glafs, when the jar above-mentioned 
being difcharged, the polifh of the glafs was always torn 
off in an irregular and deep line, extending from one 
wire to the other; but if a piece of gkifis painted with 
lamp-black, and oil were thus introduced into the cir- 
cuit, and the difcharge made as before,. not the fmalleft 
trace of the electricity could ever be perceived on its fur* 
face. 5 tidy, If inftead of the glafs* a flip of writing-paper 
was introduced into the circuit, it was tom in pieces by 
theexplofion, much of it flying about the room in the 
form of fine flue or down; Sthly, A flip of the. fame 
paper, painted with lamp-black and oil, received" not the 
leaft injury, nor fhewed the fmalleft trace of the eleCtrir 
dty. upon its furface;. but the common oiled paper, with- 
out lamp-black, . was tom confiderably, though not fo 
pmch as the paper unoiled When the charge of the 
jar above-mentioned is made to.pafs between the.furface 

(l>) Mr. cataiti. 0, who Bath fince repeated thefe experiments, finds, that 
if the paper he very thinly painted with the lamp-black and oil; if will be tom 
fey the explo£on;:baf having tried a piece of the fame that I had ufed in my 
experiments, , he was not able to make the leaft- impreffion on it. Lamp-black 
aad-tar therefore,, on account of the greater tenacity of the latter, and its 'being; 
: eyually a non-conduftei, leans to-be tiie moft proper for the .puxpofe, , , . 
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of thick plate glafs, and that of a cylinder of. ivory three- 

* 

quarters of an inch, diameter, . preffed by a weight of 
about fix or eight ounces Troy; the glafs is always ihi- 
vered into very final! fragments, and part of it is fome- 
times reduced to an impalpable powder. But ythly, If the 
plate .of glafs be covered with a flip of writing-paper, 
painted with lamp-black and oil, or with a flip of oiled 
filk (fuch as is frequently ufed for garments) the charge 
pafies over thedfe fubftances without leaving thefinalleft 

4 

trace on either of them, -though the giafs.under.them be 
broken by the blow of the explofion. 

* From thefe experiments, and the obfervations above 
recited, I think the following corollaries may be deduced. 
i<ft, That a charge of eledricity, or a ftrolte of lightning, 
which .is -the fame thing, pafies, in many cafes, upon the 
furface of bodies, in a much larger proportion than 
through the interior fubfiance of them, as appears by the 
mafts of fliips, coated with lamp-black, Sec/‘ v , .and by the 
experiment above recited, with the cylinder of ivory and 
the glafs 8c c. ; for in this .experiment, the cb arge being re- 
filled by the ivory (which however is lhmetimes fplif by 
the explofion) forces a pafiage between That auad the 
glafs, and being .there confined by heavy weights, exerts 

( c) S|e a curious iriftance oT this ’ kind in 1 M. abaxson’s 'Voyage to 

Scuegal, p. 239. . .■.* '> ''if n ; id -'.v it' 

' ■ :n : ''■■■$& 
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its expanfive power in fuch manner as to reduce to the 
fmalleft fragments the plate of glafs then expofed to its 
violent operation, adly, This violent effort of the electri- 
city produces not the ieaft effect upon the furface of the 
flip of paper painted with lamp-black and oil, or upon a 
flip of oiled filk, placed in the fame fltuation. 3<lly, May 
hot therefore a coating of lamp-black and tar, or lamp- 
black. and oil, be in fome cafes nfefully applied on flight 
buildings of wood, See. to preferve them from damage 
by lightning,- as well as to prevent thofe large cracks and 
rents (the ufual effect of the heat of the fun) from being 
made in them ? 4thly, As the effect of the lightning oh 
the mafts of fhips has-been in fb many infhmces pre- 
vented by a coating of lamp-black, and tar, or lamp-black 
and oil, it feems probable, that a fafe and fixed con- 
ductor might be applied to them in a very cheap and 
convenient manner, as follows let all thofe parts of 
the maft which are ufuaily greafed, be provided with 
plates ofmetal three inches broad, which plates might 
extend a few inches upon the . other- parts of the maft 
which are coated with lamp-blackand tar, or lamp-black 
and oil; and thus by the conductor of metal, and the 
proteCtor of- lamp-black -and: tar, placed alternately and. 
extending the whole length of the malt, it would pro- 
Mbff be preferved from damage by lightning* A 

metallic 
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metallic communication might be made from the mail 
to the water in the manner I have before mentioned, in 
Phil. Tranf. vol. LXIV. p. 41 a. This method of making 
conductors to thips, from its limplicity and practicability, 
I had fome thoughts of recommending to my acquaint- 
ance in the marine department; but there is one objec- 
tion to it, which I think a very material one, and Jhall there- 
fore date it in its full force : it is this ; the lamp-black and 
tar, or lamp-black and oil, though they protect, by their 
property of repelling the eleCtric matter, thofe parts of the 
mad which are coated with them, yet beiiig perfect non- 
conductors, thole things or perfons which might hap- 
pen to Hand in their vicinity (as in the tops, tkx.) would 
be in danger of a fevere droke, perhaps deftmCiion, by 
the lightning. Hdw far the other oil colours, viz, tho'fe 
prepared from, minerals and metals, may .anfwer thefe 
purpofes, may perhaps deferve enquiry, and the more icy 
as the esperimcnts.are not difficult to make. The belfry-? 
pofts painted, with white lead, mentioned in the letter: 
above recited, were much fhivered. 5thly, As oiled filk, 
feems to be fo good a iecurity againd - the dfeCts of . a' 
charge of electricity, may • not garments? viW* cloaks and 
hats, covered wfth. that.iubfiance,’ contribute in. fome. 
meafure to protect the. weavers (if oyert^enhy^ ,af|onh) 
from a drake of -lightning? p*tiallafl^fif 

, 4 , 1 1 • ■. , : ' ' ' tio3» 
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tions be properly attended t'o,: which I have before re- 
commended from Dr. winthrop, in Phil. Tranf. vol. 
LXIV. p. 151. ’ , " ■ ; 


PAR T. . : . II. 

On the elcBrkiiy of chocolate : and the ref oration of that 
■property to it$ when loft , by melting it together with a 
j mall quantify of '' olive-oil. ' 

< * -A . H % , 

HAVING been informed by my ingenious friend 
Mr. george Adams, philofophical inftrument-mafcer to 
his majefty, that Mr. sanders, an eminent manufacturer 
of.chacolate, had -frequently, obfervecl a very vivid light 
flaihingmpon its furface, when .codling in the tin pans in 
which it is received from the mill; particularly in clear, 
fhofty evenings, when it would alfoftrongly attrad light 
fkbftances, fbdh as fmaU particles -of duft, bits of paper, 
draw, thread. Sec/ 4 ' ; I was very delirous to afcertain, if I 
could, the caufe of thefe phenomena. For this purpofe 
I waited on Mr. sanders, in company with Mr. adams, 

, and madethefollowiiig- experiments. if, A large cake 

fh The wkx-ctiairflers alft^ in forming their Kicks, &c. of wax, arcfre- 
<l«e9tiyfp6&itars of thoic effects of eteclric attraction. , , • 


Of 



Observations in Electricity. " 

ef chocolate being turned out of the tin pan, in which it 
had been fet to cool; I prefented towards it Mr. can- 
ton’s electrometer, and obferved that, at fix inches dif- 
tance, the 'balls began to diverge; and when they came 
within two inches of the chocolate (being fufpended over 
it) their divergence was full an inch and an half, and upon 
examining their eledtricky, I found the chocolate to be 
in a plus or pofitive ftate. adly, Having feparated another 
large cake from the pan, I touched it repeatedly with 
the knob of a fmall phial, properly prepared for the 
Leyden experiment'; then bringing that knob gently 
toward one of my knuckles, I faw a fpark between them, 
and had a fmall fenfation in my knuckle. 3dly, Having 
feparated another cake of chocolate from .the tin pan 
which contained it, 1 touched the cake repeatedly with the 
brafs ball on themeck of my Leyden vacwm Y or analyfis 
of the. Leyden bottle^,, and inffcantly perceived a moft 
beautiful and large pencil of rays darting from the wire* 
and fpreading themfelves through the bulb towards tire 
coated part of the bottle. 4thly, Changing the pofition of 
the bottle, I prefented the coated, bulb towards the clroV 
eolate, and then. perceived (as I expected) a fmalhlumh 
nous fpark upon the point of the wire in the neck of the 
bottle ; completely proving the electrical quality of the 
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ehoeolatej und' aft&rtsining its direction in. the experi- 
ments. 

Before I had an opportunity: of making this com- 
plete inveftigarion, I had feparated a piece of chocolate 
from the tin pan in which it had been cooled, and acci- 
dentally left, for fome months, under an open counter 
in a fhop, expofed to dud, damp air &c. ; notwithftand- 
in^.«1#iiol^'ffe'sh^' : feparation from the.'ian^-it-attradted a 
. thread of trial at: a quarter of an inch diftance. I then 
took a quarter- of a. pound of chocolate, and having 
tiffed it iolan ironr fedle, poured at into a tin pan, and 

ftrongly elefftrified p/^j'; hut as the 
by handing (Owingy I fbppofe, 
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completely reftored its elearicity when loft, is not this 
an indication of a great affinity at leaft between -phlogif- 
ton and the eledtric fluid, if indeed they be not the fame 
thing Further, as electricity is produced in the choco- 
late by heat and friction, and manifefted by its ufual 
phenomena in the cooling of that fubftance, query , may 
not elearicity be produced from the other oily nuts, ker- 
nels, or feeds (particularly thofe of the torrid zone) 
treated in the fame manner? 

However, as the elearic matter is refident in, and may 
be difengaged from, all the fubftances we are acquainted 
with; as the air is at all times replete with it; as its ope- 
ation is fo. fecret, fo rapid, and at times fo tremendous; 
as it is fo eafily excited or put in aaion by friaion, by 
heating and cooling, and perhaps by means we are totally 
unacquainted with; I think’ we may fafely conclude, 
that electricity, as it is one of the raoft powerful, is alfo 
one of the molt important, agents in nature. Many ufe- 
ful difcoveries have been made refpeCting the aCtion, in- 
fluence, and effects of this fubtile fluid; but certainly 
much remains to be done, and the field for ‘future la- 
bourers' feems daily to enlarge. Indeed, notwithftanding 
the number of difcoveries in elecStricity this age may 
juftly boaft of, I cannot but be of opinion (which I men- 

( f) A thick fcum from the furface of fome liafee-doil cxpofed to the air, ,a*d 
thoronghly dried, became a very ftrong negative eltfftric. 

Vol, LX VII. o tion 
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tion as an incitement to the ftudy) that, compared with 
the fadts ftill nndifcovered in that branch of philofophy, 
they hear but a very fmall proportion. 


PART HI. 

Qbfervations on fome new and ftngular phenomena in ex- 
cited and charged glaj, j; with experiments made in con- 
fequence of thefe phenomena , further illujlrating the 
Franklinian theory of the Leyden bottle ; and a defer ip- 
tion of the apparatus conflruBed for that purpofe by 
Mr. HENLY. 


HAVING carefully repeated the experiments with 
the two coated plates of looking-glafs, mentioned in my 
paper on Mr. volta’s machine, and finding with Mr. 
lane, that they exactly agreed with the account given 
by Mr. symmer and Mr. eiles, I was defirous to be fa- 
tisfied whether glaffes of a different thicknefs would be 
differently affedted in the experiment. For this purpofe 
I tried two large fquares of crown or window-glafs, and 
found them to charge and difeharge exadtly as the look- 
ing-glafs plates had done; but on trying the experiment 
with two plates of Nuremburg glafs, commonly called 
Dutch plates, I was not a little furprifed to find that each 

of 
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of the plates, when feparated after charging, had a poll- 
tive and a negative fnrface; and that having replaced 
them, and made the difcharge as in the Leyden experi- 
ment, the electricity of all the furfaces was changed, 
though it appeared to be very llrong, and continued to 
give repeated flalhes of light, when the plates were al- 
ternately clofed, touched, and feparated, as the looking- 
glafs plates above mentioned. If a clean dry uncoated 
plate of looking-glafs was placed between the coated 
plates, either of looking-glafs or crown-glafs, before they 
were charged; that uncoated plate was always found, 
upon feparating them after charging, to be electrified 
negatively on both its furfaces ; but if it was put between 
the Dutch plates, it acquired, like them, a pofitive and a 
negative electricity. As this phenomenon was not fatif* 
faCtorily accounted for, it occafioned much converfation 
with refpeCfc to Dr. franklin’s theory of the Leyden 
bottle, which I had myfelf (as I imagined) fatisfactorily 
explained and even demonlirated. I was, however, 
loon convinced, that that theory is not fo generally 
received as I imagined; for I met with a number of 
gentlemen who not only doubted, but feemed abfolutely 
fo deny it. This induced me to make fome further ex- 
periments, in order (if I could) more fully to illuftrate 
that theory, and to put the matter out of doubt. For 

O a '' ' '' " ■ this 



xcro 
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this purpofe.ai pretty large jar was coated and fumifhed 
as in. fig. r.. a- is the jar ; be. the tin-foil coating; c a tin- 
ftand which fupports the jar; d a focket of metal which 
fupports a. rod of glafs e.*, f a curved wire or plate of 

metal with points,, not very fliarp; this wire or plate of 

metal is fattened- to the end of a brafs rod g, which rod 
■ is moveable at pleafure in aTpring tube h, that tube being 
fixed by a focket upon the top of the glafs rod £. The 
charging wire of the jar communicates with both parts of 
the infide coating of the jar by horizontal, wires (the. ends, 
of which- are bent a little downwards) fixed at right an- 
gles to each other, in order toprevent fhaking and ratling. 

TH.-E USE OF THE DOUBLE COATED JAR- 

Accor ding toOr-E ran klin’s theory , the fame quantity 
of the ele&ric matter which is thrown upon, one of the 
furfaces of glafs in the operation, of charging it,, is at the 
fame time repelled. or driven out from the. other furface, 
and thus one of the furfaces- becomes charged, plus, the, 
other minus',, and that this is really the cafe is, 1 think., 
fatisfadtorily proved by this contrivance, . For example, 
place the jar as ufual, with, the knob in contact with the 
prime condufior; then work the machine, r and the appa- 
ratus being perfectly dry and in good order,, a fmall: lu- 
minous fpark will appear upon, the upper point of the 
yrire f (a plain indication that the point is then receiving 
§ electricity 
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de£ti'icity from the upper ring .of coating on the outfide 
of the jar) and a fine ftream or pencil of rays will at .the 
fame time -fly off, beautifully diverging from the lower 
point of the wire f upon the bottom ring of coating on 
the jar. When thefe appearances ceafe, which they will 
as foon as the jar becomes charged, let a pointed wire be 
prefented towards the prime conductor; this will foon 
difcharge the jar filently, during which the lower point; 
of the wire f will be illumined with the fmall fpark,. . 
while the upper point of the wire will throw off a fine ■ 
pencil of rays, diverging- towards the upper ^riiig of coat- ~ 
ing, to which it Hands contiguous, as upon Dr. -frank- - 
lin’s hypothefis it ought to do. A wire of the fame form ; 
as that marked i may be infested on a fmall eledfric Hand, , 
fitted by a proper bafe to the bottom of the jar . on the 
infide; this will fhew the appearances when the jar is : , 
charged negatively. 

The fame experiment may be very conveniently made • 
: with a large pane of crown glafs ^ coated.in two places . 
at a proper diftance from each other: (fig. 2 .) leaving a 
fufficient quantity of glafs. uncovered quite round the 
two coatings.. This coated plate of glafs fhould be fixed s 
in a frame, and mounted upon a proper elecfiric Hand. , 
Another Hand of glafs or fealing wax fhould be provided* , 

(g) Mine is .eighteen inches by fourteen inches* . 
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■ to fupport a wire or piece of metal placed horizontally, 
; and curved fo as to bring the ends of it, which fhould 
;have blunt points, within half an inch diflance of the 
' two tin-foil coatings on one of the furfaces of the glafs. 

• On the oppofite fide of the glafs, two wires, bluntly 
pointed, are alfo to be employed; one of thefe is to com- 
: municate with the prime conductor, and to throw off the 

electricity 1 from thence upon one of the coatings of tin- 
. foil placed contiguous to it; the other wire is to commu- 
nicate with the earth, handing in a perpendicular direc- 

■ tion,' with the point bent towards and reaching within 
-half an inch of the. other coating of tin-foil (on the fame 

• furface of the glafs) to receive the electricity thrown off 
by that coating, while the oppofite fide is charging. 

'EXPERIMENT. 

* The apparatus being perfectly dry .(the uncoated part 
'Of the glafs and the frame, &c. fhould be varniflicd), 
-clean, and in good order; the plate of glafs fhould be fo 
Jixed, that each of the four coatings of tin-foil may come 

• within half an inch of the point of the wire oppofed to 
» it. The apparatus being thus placed, if a powerful ma- 
; chine be worked in a dark room, the electricity will be 
Seen to iffue from the point of the wire in contad with 
•.the prime conductor upon one of the tin-foil coatings a . 
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(fig. 3.) charging it pofitively. The coating b (fig. 3.) ■ 
on the other fide of the glafs throwing off, at the fame 
time, an equal quantity of the electric matter, (vifible in. ■ 
the form of a fmall luminous fpark upon the point of the 
infulated wire f) is thus left in a negative ftate. The 
electricity pafling along the infulated wire, flies off from . 
the other point of it in a pencil of rays, diverging upon 
the tin-foil coating c (fig. 2.) on the fame fide of the 
glafs, charging it pofitively ; while the oppofite coating. . 
D (fig. 3.) throws off its eledlricity, which is received in 
a fmall fpark upon the point of the wire (g) oppofed to 
it, and communicating with the earth. Thus, by the 
fame operation of the cylinder, may a pofitive and a ne- 
gative charge of eledlricity be obtained at the fame time 
upon each furface of the glafs; and by applying two 
curved difcharging rods (which fhould have glafs handles) 
at the fame inftant, fo as to come nearly into contadl with 
the coatings upon each furface of the glafs, the whole 
will be difcharged together; or if a pointed wire be pre- 
fented near to the prime condudlor, they will all be dif- 
charged filently, and then the appearances on the points 
of the wires will all be reverfed; that which was a brufh 
or pencil of rays being now a fmall luminous fpark, and 
that which was a luminous fpark being a brufh or pen- 
cil of rays. If the machine be very powerful, the 

rubber 
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rubber may be inhibited, and a blunt pointed wire, com- 
municating with the earth, may be placed within half 
an inch of it ; this wire, while the plates are charging, 
will throw off a beautiful pencil of rays diverging upon 
the rubber, and thus compleatly exhibit the progrefs of 
the eledtricity through all the apparatus, from its exit 
out of the earth to its entrance into the earth again : and 
.its return may be manifefted by reverfing all the ap- 
pearances upon the points of the wires, in the operation 
of difcharging the glafs filently by a pointed wire pre- 
fented toward the prime conductor, as above directed. 

k 

Another very fatis factory method of demonftrating the 
truth of Dr. franklin’s hypothelis is as follows. I take 
a bottle, containing, about one hundred fquare inches of 
coated furface, properly prepared for the Leyden expe- 
riment, and holding it by the wire, I fet the coating upon 
the prime conductor, and charge it negatively (fig. 6.); 
when charged (if not too dry) the upper edge of the 
coating will throw off one or more pencils or brufhes of 
fight into the air, which vifibly incline towards the 
charging wire of the bottle, and fometimes actually reach 
-it. If I hold the bottle by the coating, and prefent the knob 
•to the prime conductor, charging it pofitively (the bottle 
■being in a proper ftate) a fmall fpa-rk of light firft appears 
»pon theedge of the cork in the r*eck of the bottle;, through 

which 
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which the wire paffes ; after a few turns of the globe, 
this fpark becomes a fine bruCh, darting out from the 
cork, and gradually lengthening, till it forms a beautiful 
arch, the end of it regularly extending downward, 
till it reaches the edge of the coating and refts upon it 
(fee fig. 5.). I remember, when I firft {hewed thcfe 
•experiments to my fmcerely refpedted and worthy friend 
the late ingenious' Mr. fekguson, f. r. s. he expreffed 
great fatisfadtion ; and affured me, that he thought 
them fome of the moft convincing he had ever feen 
exhibited for the purpofe. If the bottle be dry, it will, 
in both cafes, be difcharged fpontaneoufly ; but if the 
uncoated part of the glafs be then breathed upon, the 
appearances may be produced at pleafure. I have lately 
prepared another bottle for this purpofe;, the infide of 
which is coated in the ufual manner; but the out fide is 
covered with fquare pieces of tin-foil about a quarter of 
an inch broad, and about three-fixteenths of an inch 
diftant from each other; the bottom is compleatly co- 
vered with the coating (fig. 4.). If in charging this bot- 
tle> the eledtricity pafFed abfolutely through the glafs, it 
would find a ready conveyance by the coated bottom into 
the table (and them indeed it '©amid never be charged at 
all); but' the truth is, that 

,.,.r?V*WkXXVU.. .. ■ PV'S.'!;.' ' ' 
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diverging in different directions quite round it. If it be 
difcharged by bringing a pointed wire near the wire, or 
the prime conductor, with which it is in contact, the noile 
it occaiions much refembles the report of a fired cracker ; 
and the uncoated glafs between the fpots of tin-foil is 
very brilliantly illuminated. If the bottle difcharges it- 
felf fpontaneoufly , or be difcharged fuddenly, by making 
a regular communication by the rod between the two fur- 
faces of the glafs, the whole outfide furface feems to be 
illuminated. To produce thefe appearances the glafs 
mull: be thoroughly dry* 

EIPERIMETIT. 

A fmooth piece of mahogany, two inches fquare and 
five inches long, was hollowed into an elliptic groove, 
about three-quarters of an inch deep, and painted with 
lamp-black and oil. Into this groove two wires, termi- 
nated by brafs balls each three-quarters of an inch in 
diameter, were introduced ; the brafs balls being placed 
about one inch and an half from each other : between 
the brafs bails, at an equal diftance from each, was 
placed a hall of the pith of elder, half an inch in dia- 
meter, nicely turned in a lathe. The apparatus being 
.thus adjufted, and the circuit compleated by a fliort chain, 
5a Settle, containing forty fquare inches of coated furface, 


was 
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was many times difcharged through it; and whether the 
bottle was charged pofitively or negatively, the pith-hall 
conftantly moved in the direction of the fluid, according 
to Dr. franklin’s hypothecs. This is a delicate experi- 
ment; but, as I have perfectly fucceeded in it, I thought 
it proper to give this fhort account of it. Perhaps if the 
pith-ball were fufpended by a filk ft ring, it might anfwer 
the purpofe as. well; but this I have not tried. 

experiment. 

I11 melting fmall wires fome inches in length, I have 
often obferved the wire to become red-hot, firft at that 
end in contact with the difcharging lod, and the rednefs 
has proceeded gradually and regularly towards the coat- 
ing of the jar s. or battery ;• plainly and fully demonftrating 
the direaion of the, ele&ric matter in tlie difcharge of 
the jars, or battery,, which, for this experiment, were al- 
ways charged pofitively. This phenomenon hath' alfo 
been obferved by Mr. bell, and many times by Mr, 
NAIRNK. 

experiment. 

Before I quit the fubjeft of the Leyden bottle, I fliall 
mention one experiment more which I have lately made* 
and which gives a full and compleat anfwer to a paragraph 
in Dr. Priestley’s Hiftory of Ele&ricity, 2d edit. p. 465. 
X. 2.1 . It is this : 1 procured fome phials coated with fil- 
' P 1 ' "vW* 
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ver,, by burning it into the very fubftance of the glafs, in, 
fuch a manner, that nothing can remove it without injuring , 
the glafs together with the metah Glafs thus coated, 
and bumifhed has certainly a moft elegant appearance,, 
has no inequalities or points upon its fur face, and' ch a rges 
as high.and as readily as when it is coated, with. tin-foil;, 
fhch glaffes will difcharge fpontaneoufly, and oneof them, 
which was ver-y thin, was burftby the explofionpan acci- 
dent. which, by this double annealing,. I was in hopes to 
have prevented, but was lorry to-find myfelfdifappointed, 

OBSERVATION S' ON. EX Cl TED' GLASS. 

In my remarks on Mr. volta’s curious little machine 
lately prefented to the Royal Society, I have obferved 
that the electric matter, being once thoroughly excited 
and put in a£tion,.is not fo foon as might he expected , 
reduced again to a quiefcent flate,,efpecially in bodies lb. 
peculiarly adapted to affedt each other.as thefe appear, to - 
be, As a proof, I introduced, the. experiments with the 
Tooking-glafs, crown-glafs, .and Dutch, plates-. I alfo men- 
tioned Dr, briestley’s obfervations- on the re/iduum of 
his battery;. and in a note to. that paper, J added an, ex- 
periment made by my friend the rev. Mr. hemming,, 
f.r, s. \vho.,fliewed. ; me a fmall bottle, which then at- 
tracted a thread of trial,, though it had Rood in a cup- 
s’ board 
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Board in his ftudy feventy days from the time he charged 
it. I alfo mentioned a lingular effect of liis cylinder, 
which will feparate the balls of Mr. canton’s eledtro- 
meter, at twelve or fourteen inches diftance, fometimes- 
a fortnight after tiling, though the air. of the room may 
have been many times changed, and a variety of methods % 
ufdd to deftroy that power in the interval. As the detail' 
is curious, I lhall here infert one fet of experiments,, 
as I find them regiltered in a journal, , which Mr.- 
hemming took the trouble to make for my fatisfac— 
tion. O11 May 13 1776, the cylinder wasmfed,. and 
when placed in the cupboard at 1 0 o’clock a. m_ it fepa- - 
rated the balls at feven inches diftance. The power was . 
then .entirely deftroy ed by breathing on it, ,and the elec- 
tricity marked o. From that time the journal proceeds • 
as follows : , 


Day. . 

Hour.! 

■ Diftance at which the . 
balls diverge. 

May, 13; 

I I A; M. . 

7. inches*. 

• 14 

8 . A. ,M.,. 


Breathed on it once, . 


9. 

Ditto foiir times, 


8' 

Door open till *. 

C^v A. M. * 

5- 

14 ., 

3 Bo M. . 

7/ 


7; P. M.‘ 

6 . 

* 

IO. P, M. , 



' 

Breathed 1 



IXO 


Day. - 
& 
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How. 


Pittance at which the 
balls diverge. 


Breathed on it twice. 

0 inches 

May 14 io| p. m* 

6 

15 8 P. M. 

1 3 wind N. 

Door open ten minutes, 

S 

9 P. M. 

13 

10 P. M. 

8 

The power deftroyed by flame, 

0 

l 6 7 A. M. 

147 wind N. 

H 

00 

00 

t? 

g 

* 

17 wind N a . 

II P. M» 


Deftroyed by flame, 

0 

20 A fire in the room the whole day. 

4 P. M. 

2 

8 P. M. 

1 

10 ' P. M. 

3 

21 7 A. M, 

9 

9 P. M. 

9 

Deftroyed by flame quite round 

0 

22 ' 7 A. M. 


10 A. M. 

11 z wind 1 ST. 

Applied flame quite round the cylinder, 

0 

I P. M. 



May 
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^ a y* Hour. Diftance at which tlic 

balls diverge. 

May 22 4 p.m. 1 2-t inches. 

8 P. M. O 

ioj p. m. a 

23d, Mr. hemming fliewed me the experiment, when I 
faw the balls feparate at twelve inches diftance from the 
cylinder. The caufe of thefe phenomena is, no doubt, 
the excited eledlricity lodged in the pores of the glafs 
adting upon the vapour in the air of the room, and pro- 
ducing a greater or lefs effedi, as circumftances may 
contribute to increafe or dimiriilh its operation. The cy- 
linder was now ufed again, Which clofed this fet of ob- 
servations. Mr. hemming has added a meteorological 
journal for the time ; but the particulars of this I did not 
think it neceftary to introduce in the above extract. 

A SECOND SET OF OBSERVATIONS. 

Feb. 3, 1777, the. cylinder was excited, and from the 
5th to the 14th no fire had been made in the ftudy. 


Day. 

Hour. 

Difid ‘tc at widdi the 


balls diverge. 

14 ^ 

3 P. Ms 

7 inches. 


IO P. M. 

0 

IS: 

9 A*. M! « 

1 1 


(h) This.> was the-firft time, fince. Auguft or September, that I had obferved 
-my cylinder to retain its attractive power longer than t\v -ve afi c-r being 
excited, though it was conftantly kept in the lame place,. and, as well as- i. can 
■sobferve, under the vejy fame circumiJariqefa , * 


Fek, 
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Day. Hour. Diftance at which the 

balls diverge. 

Feb. 15 4P.M. 8 inches. 

‘9 p. m. •,© 

10 p. m. o 

A large fire in the ftudy the whole day. 

16 9 a. m. 9 

113 ‘9 

8 P. M. o 

.10 P. M. .0 

17 9 A. M. 3 

«> P. M. & 

1 1 P. JVL O 

18 ■ 8 j A. M. 3 

Abfent till 22c!, 3 p. m. =8 

‘6 p. m. 2 

7 P. M. O 

1 1 P. M. O 

33 .8 A. M. , 7 

:2 P. M. 2 


s P. M. o 

9 E* M. 

11 P. M. to 

^4 '9 A. M« $0 

1 2 , ,0 

3 -Mi. o 


Feb. 
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Day. 

Hour, j 

Diftance at which the 




balls diverge . 

Feb. 25 

9 

A. M. 

2 indies* 

Abfent till 28 th, 

3 

P. M. 

2 


9 

P. M. 

0 

Mar. 1 

9 

A. M. 

0 

The fire in the ftudy put out at 

noon* 

' . 

10 

P. M. 

0 

2 

9 

A. M. 

0 


1 

P. M. 

0 

Abfent till 8th, 

3 

P. M. 

9 t 


6 

P. M. 

4 


8' 




9 

>P. M. 

0 


10. 



9 

8 

A. M. 

9 


7 1 




8 5 

>P. M. 

0 


io_ 



10 

8 

A. M. 

8 


The cylinder was now excited again, which clofed this 
fet of obfervations. Thefe changes in the electricity feem 
very extraordinary, and I think them not eafily to be ac- 
counted for, as they happened in ftates of the weather 
which were totally different. I regret, however, that an 
accurate and fenfible hygrometer was not obferved-the 
Vol. LiVII.. Q . whole 
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whole time; and for fuch a purpofe I fhould recommend 
Mr. Coventry’s, made with a number of circular pieces of 
iffue-paper, amounting to a certain weight, thoroughly 
heated and fixung on a thread, .kept feparate from each 
other by a fmall glafs bead, and fufpended on one of the 
ends of a lever, nicely poized, and turning freely on its 
axis ; the other end ferving as an index to a graduated 
fcale, on which it fhews- the weight of the moifkure im- 
bibed at any time by the papers. This hygrometer, from 
its extreme fenfibility, I fhould choofe, I fay, to recom- 
mend for this purpofe, in preference to any other that 
I have ever feem 

HAVING lately had occafion to fhew the experi- 
ments with the coated Dutch plates to an excellent elec- 
trician (Mr. cavallo) and having charged them as high 
as I could, and feparated them I think rather more expe- 
ditioufly than ufual, I was aftonifhed to find, that the 
very fame plates I have fo often mentioned were now 
charged, the one pofitively, the other negatively, on both 
furfaces. I then laid them together, and having made 
the difeharge as- ufual, I feparated them, and found one 
of the plates negative on both fides, and the other plate 
pofitive on one furface, and negative on the other. Here 
was a new caufe of admiration, and I was utterly at a lofs 
'to account for it, as the plates had in every hxftanee be- 
. 1 1 i'ji o 
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fore uniformly acted as reprefented in my paper. At 
length I recollected, that this experiment had been made 
rather more expeditioufly than ufual: I therefore re- 
peated it, and having allowed fomewhat more time be- 
tween the removal of the plates from the prime con- 
ductor, and the reparation of them, in order to examine 
their electricity, I -found on each plate a pofitive and a 
negative furface ; and having replaced them and made 
the difeharge, I obferved that the electricity of all the 
furfaces was changed. I have mentioned this circum- 
Itance, to drew how fmall a difference in the manner of 
making an experiment, will make an effential difference 
alfo in the refnlt. There is fomething, however, very 
lingular in this kind of glafs, which I believe is owing to 
its not being properly annealed ; for I once met with a 
plate of it which I found very difficult to charge at all; 
and when a fmall quantity of electricity had been forced 
into it, it diffipated proportionably fooner, without the 
ufe of the difeharging rod. 

In glafs, properly annealed, whether in the form of 
plates or jars, prepared for the Leyden experiment, the 
diffipation of the electricity is, in forne dates of the atmo- 
fpliere, a remarkable, and fometimes (when there is not 
a fire in the room) a difagreeable circumftance : this ef- 
fect, however, in the jar itfelf, may be in a great mea- 
•fure prevented, by having the uncoated part of the glaff 

Q a neatly 
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neatly covered with the heft varniftr and I flioukl not 
omit to obferve, that Mr. hemming’s bottle, which re- 
tained its charge fo long, was prepared m this mannei . 


POSTSCRIPT, 

Containing fotne experiments and objervations on Mr . 
volta’s machine , by . Mr. tiberius cavallo, with 
remarks by Mr. henly. 

Mr. volta’s machine, which occafioned feveral of 
the preceding enquiries, hath lately been made by Mr. 
cavallo, by coating the glafs plate (about fix inches in 
diameter) with fealing-wax. With one excitation of this 
plate he foon charged a bottle compleatly, and with that 
charge pierced three holes in a card, which he hath fincc 
fhewed me. If, when this machine adted vigoroufly, he 
inverted the excited plate, and fet the brafs plate upon 
the glafs, he produced a contrary electricity, but in a 
much 1 mailer degree. If when the fealing-wax was 
jftrongiy excited, fo that fparks, two inches long, might 
be drawn from the brafs plate, the excited wax, 8cc. 
was placed on an eledtric ftand, and the procefs continued 
as ufual; the fparks from the brafs plate prefently dimi- 

O Tfae yarnifliing- fhould be feveral times repeated. , 

nifhed. 
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nifh.ed, and in a fliort time aimoft totally ceafed : this, 
I think, clearly indicates that the electricity in the lower 
furface of the glafs and the table were mutually affected 
in the operation, as well as that, in the excited fealing-wax 
and the brafs plate I have feen one of thefe machines, 
made by Mr. cavallo, ad fo ftrongly that, upon fepa- 
rating the brafs plate from the fealing-wax, a flafli has 
fbruck from the brafs toward the table, and it has befides 
given a ftrong fpark upon the knuckle, when held at up- 
wards of an inch diftance. If the brafs plate, after being 
raffed from the wax, be prefented with its edge toward 
the wax (lightly touching it) and thus drawn over its 
furface, the eledricity of the plate, he obferves, will he 
abforbed by the fealing-wax, clearly fhewing the ftrong 
negative date in which the excited wax is left on the re- 
moval of the brafs plate. 

The attradion between the plates is alfo fometimes fo 
ftrong, that the coated glafs has frequently been lifted 
up by the brafs plate from the table ; yet in a few days, 
being carefully placed in a proper repofitory (in contad 
with each other) not the lea ft fign of eledricity has been 

(b) It has been fuppofed by' fome gentlemen, that the very fame quantity of 
electricity imparted by. the finger to the plate on touching it, was emitted again 
by the plate on removing it from the eleftric and prefcpting it towards the 
knuckle; and that therefore, in air peifeQiy dry, this machine would at ail 
times exhibit its phenomena without a frefh excitation of the ele&ric, and 
thus merit the appellation of a machine for exhibiting perpetual eledricity r but 
the fad above (mentioned entirely refutes that fuppofition. 

2 difcoverable 
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difcoverable on their reparation : fo far is even this ma- 
chine from exhibiting perpetual electricity. Indeed, in 
this particular, it is far exceeded by Mr. grjey’s apparatus 
of the cone of fuiphur In the giafs, which, on being fe- 
parated, I have never perceived to fail of exhibiting 
ftrong figns of electricity, in every ftate of the weather. 
To this apparatus I have lately added the improvements 
of M. jlpinas, and find that they fully anfwer his report. 


THE following paper contains a fet of experiments 
which may perhaps lead to fome curious, ufeful, and im- 
portant truths in electricity. They are made with the 
moft fimple apparatus, and in the moft fimple manner; 
nothing more being requifite for this purpofe than a few 
iticks of fealing-wax (one of them being referved as a 
teft) to the ends of which the fubftances to be examined 
are to be fixed or tied as occafion may require, and Mr. 
canton’s electrometer, neatly made and properly infti- 
lated. With this finall apparatus may almoft every ar- 
ticle that can be pmpofed be examined with the utmofi: 
facility. The animal,, the vegetable, the foffil kingdom, 
with all the works and combinations of art and manu- 
facture, may afford materials ; almoft any of which, by 
a flight friction againft woollen cloth or filk, will become 
S . electrified 
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electrified (either pofitively or negatively, according to 
the nature of the fubftance and form of its furface and 
the quality and furface of the rubber) fufficiently to fe- 
parate the .balls of the electrometer, fo as to determine 
their electricity in a very fatisfaCtory manner. This, I 
think, fully confirms an opinion I have long entertained 
and mentioned in a former paper, viz. that the flighted; 
friCtion of bodies of every kind, in every fituation, may 
difturb the eleCtric matter contained in them, though the 
effeCt be imperceptible to us, having no electrometer nice 
enough to difcover it. Here, therefore, is a boundlefs 
field for future enquiry; and, to afli.fl thofe who may be' 
inclined to profecute it, I fhall mention a few general ob~ 
fervations and precautions, which I have found exceed- 
ingly ufeful in the courfe of my own experiments. ift,. 
The air fhould be dry, and the apparatus clean and warm... 
adly, The fubftances to be tried fhould be perfectly clean. 
3dly, When the rubber hath been ufed once or twice, it 
fhould be held near the fire or the flame of a candle,, 
not only to prevent its acquiring moifture, but to take off, 
the electricity left in it by one fubftance, before another 
be examined; for it fhould always be remembered, that 
whenever a fubftance is made electrical by friCtion,. the, 
rubber acquires the contrary electricity, and this electri- 
city, if it be not carefully taken off as is above directed, . 

will; 
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will fometimes remain in it fo as to confufe and affiially 
miflead in the experiments. 4 thly, Some minute fub- 
ftances, as a fmall leaf, feed, or hair, will not be eafily 
excited in damp weather ; thefe, therefore, as well as the 
apparatus, fhould be warmed ; for heat, I find, doth al- 
ways difpofe bodies to become electrical. 5 thly, The in- 
fulating ftands, and the flicks of fealing-wax, with which 
the fubftances to be examined are connected, fliould not 
he rubbed, left they, by the friction, fhould be made 
eleCtrical, and, aCting through the fubftance in contact 
with them, deceive in the experiment. 6thly, The ani- 
mal fubftances, as hair, horn, bone, cartilage, nails, teeth, 
mufcles, Sec. become electrified pofitively, by friction, 
againft woollen cloth or black filk; and the vegetable 
creation, with very few exceptions, negatively. The metals 
differ with refpeCt to kinds, form, and furface, and may be 
differently affeCted by different rubbers. Laftly, I muft 
not omit to obferve that, among vegetables, I find the hot, 
acrid, pungent, and aromatic fubftances, as the fpices,&c, to 
be much more eafily excited, and ftronger in their power, 
than the cold ones, as the feeds of gourd, melon, or cu- 
cumber. Among the herbs, hemlock and parfley arc 
' ftfong: a Angle leaf of laurel, bay, yew, rofemary, &c. 
will be found very powerful; but, as- 1 have beforelfo- 
ferved, this field is indeed immenfe, and life itfelf too 

ihort 
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fliort for a compleat inveftigation. The experiments 
prove, however, how univerfally the eledtric matter is 
diiTeminated; or, in other words, its exiftence in all bo- 
dies; with what readinefs it is excited; and, I think, the 
conftancy of its action (though imperceptible to us) as 
well as its ufe and importance as a principal agent in the 
greateft, and to mankind the moft interefting, operations 
in nature. I have enclofed a catalogue, exhibiting at 
one view the articles I have had an opportunity to try, 
with their kinds of eledtricity marked againft them; 
hoping this fpecimen may induce gentlemen of more 
leifure to purfue the enquiry. 

' Hair, wool, down, and many other articles, may be 
made up in the form of little taflels, and in this manner 
readily fixed upon or tied to the end of an eledtric for 
experiment. 


t 
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The following fubflances being fixed or tied, upon the 
end of a flick of fealing-wax, and excited by frkdion 
againfl a woollen garment or a piece of loft black filk, 
became electrified as marked in the columns of the 
annexed table. The ftrongeft in power are diflin- 
guifhed by the letter s, and the weakeft by the let- 
ter w. 


METALS. 

A new guinea; a fmooth fix pence; a J 
brafs ferule; tin, and tin-foil; enamelled 
copper, s; gilding 'on leather, s; lead 
ore; copper ore; iron ore; ftream tin; 

Milled lead ; copper, s ; a polifhed ffceel - 
button, s; a new filver ditto; a metal . 
button gilt, s ; tutenague ditto, s ; iron; . 

Lead from a tea-cheft, in which there 1 
is a mixture of -tin, w; J 

A gilt button, bafket pattern; the 1 
juncture at the end of a brafs ferule; j 


Wool. Silk. 


Neg. Neg. 


Pof. Pof. 


Neg. Pof. 
Pof. Neg. 


ANIMAt 
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ANIMAL SUBSTANCES. 

Tortoife-ihell, w; ivory, s; bone, s; v 
horn; lamb’s-tooth ; horfe’s-hoof; deer’s- 
hoof; mnfcle of the leg of a deer, s; 
cartilage, s; fpur of a young cock; 
bill, claw, and fcale from the leg of a 
turkey, s ; fcale of a carp; the chryfalis of 
a moth, recent from the earth, cleanfed ; 
crajfamentum of the human blood ex- 
hccated, w ; quills ; claw of an unboiled ■ 
lobfter; cowrie and feveral other fmooth 
fliells, s; iliell of a hen’s egg; tail of 
a fmall fifh; thigh of the elephant bee- 
tle; afmall beetle, fmooth furface ; hu- 
man hair; red and white horfe’s and bul- 
lock’s hair, s; hog’s briftles, s; wool; 
filk from the worm, w ; oyfter-fhell, 
fmooth furface; 


Wool. Silk. 


Pof. Pof. 


Mother of pearl, and feveral other 
fhells ; 

Mufcle and cockle-fhells, recent; a re- 
cent fnail-fhell, rough furface; elitra of , 
the ftag-beetle; oyfber-fhell, rough fur- 
face; 


Neg. Pof. 


Neg. Neg. 


R 2 VEGETABLES. 
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VEGETABLES. 

Rind of cheftnut, s ; Barcelona nut- ' 
lhell, s ; cafhew nut, s ; cocoa nut-fhell 
polifhed; brazil; lignum vita; black 
ebony, s ; box, w ; cane, s ; quinquina, 
or Peruvian bark, s; tamarind-ftone ; 
coffee-berry roafted, s ; nutmeg, s ; gin- 
ger, s; white pepper, freed from the 
hulk, s; cinnamon, s; cloves, s; mace, s; 
all-fpice, s; capficum, both fides of the 
pod, s; hemlock, s; a clove of garlic; 
ditto of efchalot, freed from the hulk, s ; 
a green onion, s ; rue, s ; cork, s ; leaves 
of laurel, bay, yew, holly, rofemary, with 
their berries, s;‘ parfley, s; leaf of tur- 
nip; ditto of Savoy cabbage, s; celery, s; 
fago, s ; thime, s ; carrot ; turnip ; potatoe; 
an acorn, s ; rind of Seville orange, s ; 
a large Windfor bean, s; a white pea;- 
root of the white lily; fnow-drop root; 
feeds of gourd, melon, cucumber, w ; a 
fpecies of long-mofs, w; an apple, s; 
down of the cotton-rufh, w; fea-flag; 
leaf of the American aloe, s ; cotton, w; 


Wool. Silk® 


Neg. N eg. 


Hemp s 

A + 
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Hemp flax ; ftalk of the tobacco-leaf ; 
fpike, from the leaf of the American aloe ; ► 
palma-chrijii nut ; horfe-radifh ; 

A white kidney-bean, fmooth furface ; > 
black negro of the fame ; fcarlet of the l 
fame ; J 

CORALLINES. 

Sea-fan, the horny part, w; rough I 
coral, w ; J 

Spunge, w; coral polifhed, w ; 

S A.L T S. 

Allum, w, 

Borax. | fmooth furfaces ; "] 

Nitre purified, J J 

FOSSIL AND MINERAL SUBSTANCES. 

Common pebble-ftones of all colours, < 
s marble, s ; pit-coal, s ; black-lead, 
.w; jet, s \ - ajbejlos', mineralized ful- 
phur; thunder-bolt flone ; cornu-ammo~ I 
nis; ihark’s-tooth; coat of petrifadtion; J 

Severaf fmooth native cryftals ; brown ' 
Iceland ditto; talc , s; Ceylon pebble, | 
fmooth and tranfparent ; agate, s; corne- j 
lian; amethyft, s; 


S2 S 

Wool. Silk. 
Neg. Pof. 

Pof. Pof, 

Neg. Pof. 

Pof. Pof.. 

Neg. Neg. 
Pof. Pof.. 

Neg. Neg.. 

Pof. Pof. 
A fpecimen 
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A fpecimen of gypfu?H 

ARTIFICIAL SUBSTANCES. 

Staffordfhire ware glazed; China. ware, 
s; Wedgwood’s ware glazed, s; whale’s 
fin prepared, iv ; writing-paper; parch- 
ment, s ; fheep’s gut, 

Tobacco-pipe, s; Wedgwood’s ware 
unglazed; elaftic gum, s; hard under- 
cruft, of, a leaf; a tallow-candle, w ; oiled 
filk; painted paper, s; filver, burnt into 
glafs, unburnifhed ; pearl-barley, w ; Ih- 
diaii ink, w; blue vitriol, s, 

Dr. bewis’s glafs porcelain, 

Silver burnt into glafs, burniftied, could not be excited 
either with the woollen or filk. It is fuppofed that the 
fubftances beihg fo intimately incorporated or blended 
together, the fridlion at the fame time excited both the 
fubftances, fo as to counteract and deftfoy the effect of 
each other. 

In thefe experiments I have been aflifted by Mr. Ca- 
vallo and Mr. ac AMs, who have carefully repeated 
them in my prefence. It may be proper to obferve alfo, 
that the white pea, a fcaiiet bean, and the thbfh from 
3 '• the 


Wool. Silk. 

Neg. Pof. 


Pof. Pof. 


I Neg. Neg. 


Neg. Pof, 
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the American aloe w , being rubbed upon new, fine, cla- 
ret-coloured cloth, became weakly ele&rified pofitively. 

A lock of black hair from a young colt I have ob- 
ferved to become very weakly electrified negatively,, 
when excited either with wool or filk. 

It will be proper to obferve, that the rubber of wool- 
len cloth, which I ufed in the preceding experiments, 
was a part of the coat or waiftcoat which I happened to 
' wear at the time ; but being defirous to try the effedt of 
another, I took a piece of fine, new, white flannel, and 
ufmg that fide of it which is free from knap, I perceived 
a remarkable difference; viz. the copper and other but- 
tons, the different ftones, fhells, China ware, moft of the 
animal fubftances (hair excepted) and all the vegetable 
ones, which with the former rubbers were pofitively,, 
being now negatively electrical;, but thofe which were 
negative with them, I found to be negative with thefe 
alfo^. In all the experiments with the flannel, I had 

hitherto- 


(b) All thefe fubftances have fmooth furfaces. 

(i) On this account an ingenious friend of mine propofed the following- 
queftion, viz. Whether, if the electric matter were inherent (as i afferted) in- 
the different fubftances I examined, the kind of elearicity could be changed by 
theufe. of different rubbers?. I reminded him of Mr. cantor’s experiments 
with a glais tube, and informed him, that a ftick of fealing-wax becomes poii-. 
tively electrified by dipping it in quickfilver, or exciting it with a flip of tin* 
foil; that a finooth glais tube may be made negative by drawing it crois-wife 

, oyer- 



1 2 S Mr. henly’s Experiments and 

hitherto warmed the fubftances, but kept the rubber 
cold; fufpe£ting that, in fome cafes, the refult might be 
different from what it is when the rubber is warm and 
the fubftance cold : but this, with the effect of cloths of 
different textures and colours, filks, fattins, velvets, lea- 
ther dreffed in oil, and in allum, &c. ufed as rubbers, I 
have not had leifure to determine. A fmall turnip and a 
potatoe, which I could not excite at all with either of the 
rubbers when they and the fubftances were cold, I ex- 
cited in a very fmall degree with the flannel a little 
warmed ; but very ftrongly when the flannel and the re- 
fpeftive articles were, each of them, moderately warm. 
A fprig of celery acted very powerfully when the 
flannel only had been previoufly warmed fk K As in all 
cafes the rubber is affe<5ted with an electricity contrary 
to that of the fubftance rubbed, it will be fufficient for 

over the back of a cat* or by exciting it with a dry, warm rabbit’s jfkin ; that 
a fmall coated bottle may be charged with a flip of writing-paper,* excited by 
drawing it brilkly between the fingers of a dry hand lb as to pierce a hole in a 
card ; that the dry leathern cover of a book may be nr.de ftrongly clcftrical by 
the fri&ion of a dry hand, and that its ele&ricity is remarkably fhewn by 
touching it with an iafulated button, in the form of the plate to Mr* volta’s 
machine, He then acknowledged, that fuch an objection as he had ftarted muii 
certainly be groundlefs. ■ 

(k) A fauna- chriJU nut was excited very ftrongly with the flannel, weakly 
with my coat, and not all (in a room where there was no fire) with the black 
filk* I have alfo to add, that fome particular fubftances, though negatively 
electrical when heated, become pofitive when cold, by fridion agrinft the very 
fame rubber* 


5 


many 
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many purpofes to ufe a rubber with a handle of glaih. 
wax, See. with which the electricity of many fixed bo- 
dies, gems that are fet in metals, Sec. and other articles 
that it would be improper to divide or remove, may be 
determined. Such rubbers of different forms have been 
eonftruCted and fatisfaCtoriiy employed in a variety of 
inftances by Mr. errington and Mr. cavallo, who 
have extended their enquiries far beyond the limits at 
which I debited; their collection of animal, vegetable,, 
foffil, and artificial fubftances, added to my catalogue, 
amounting to almoft one thouland articles. 


G O N C L U S I O N. 

** 

AT the conclufion of the fecond part of the pre- 
ceding paper, in my remarks upon the electricity of 
chocolate, I have obferved, that many and great difeo- 
veries have been made in this- age, refpeCtingthe aCtion, 
influence, and effects of electricity; but it is a queftion 
that hath been frequently put to electricians, What is 
eleCtridty? For my own part, I have generally- chofen 
(perhaps for want of a better anfwer) to reply by a fimilfr 
queftion, w. What is air? or, what is water? For,>as thefe 
are underflood to be *(3$ids diftinCt from,al|l: ,qf^eys.,>a|id 
Vqi,.»LXVIh S dpnguiihecf 
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diftinguilhed by the names they bear, fo have I ever con- 
fidered electricity as a fluid Jut generis , and properly cha- 
raCterifed by the term electricity, eleCtric fluid, or eleCtric 
matter; and have always avoided the term eleCtric fire, 
as conveying a confufed idea of aCtual inflammation, 
burning, &c. : but I now begin really to doubt, whether 
another appellation might not be applied with greater 
propriety ; whether electricity may not he confidered as a 
pure, ethereal, elementary fire, inherent in all bodies, inti- 
mately connected or blended with an earthy or other bale, 
and apparently, though not actually, remaining in it in a 
quiefcent ftate, till roufed into aCtion by fome proper ap- 
plication, as motion, or rather friCtion, which may, and 
probably does, collect it in our experiments. (But can 
motion convey inftantaneoufly that which is not material, 
but only a quality, a property, an accident, or affeCtion, 
-of matter, through fuch circuits as thofe of Dr. watsokt, 
and produce fuch aftonifhing effects at the interruption 
of thofe circuits? Befides,in Dr. franklin’s moft curious 
and decifive experiment of charging the Leyden bottle 
with its own electricity, the glals undergoes no friCtion 
whatsoever; hut the electricity inherent in it is.fimply ex- 
haufted from one of its fiirfaces, and forced round upon 
the other by the eleCtrical apparatus: the fame may be 
.aflerted of bodies prefen t ed toward a conductor negatively 
5 electrified^ 



Obfervations in Electricity* 

electrified, or to the infulated rubber of the electrical 
machine.) That it may be faid to refide in vegetables, and 
is extracted together with their oil ; that in fermentation, 
effervefcence, and putrefaction, it flies off in the phlo- 
giftic vapour thence arifing (fee note i. at the conclufion 
of this paper) ; that in diftillation it is difengaged and 
brought over in an ardent fpirit, in which it refides, re- 
taining its original properties in a purer bafe ; that, fince by 
tliecollifionof flint, fteel, &x. aCtual fire is inftantaneoufly 
produced (as in the inftance of the dry axle of a carriage, 
which, by the friCtion of the nave againft it, foon takes 
fire) fo by the friCtion of other bodies, which by long per- 
feverance would produce the fame effeCt, this latent fire 
may be firft excited, and its appearances, though unob- 
ferved, be thofe we term electrical. A wind-mill, when 
it works under the break (as the millers term it when no- 
iron is concerned) foon catches fire (the mill-ftones, 
when no com is between them, produce the fame effeCt, 
though the motion be the fame in both cafes) and many 
a mill hath been confirmed by this means. The method 
ufed by the Indians, of producing fire by the friCtion of 
two pieces of wood againft each other is well known; 
and in all thefe cafes may not the firft effects of the 
latent fire, thus roufed into aCtion, be the production of 
thofe very appearances we, call electrical? See notes 2 . 

f ' ’ ’ ' 1 V ? ' ) ‘ ' 1 , . ■ f 
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This thought;, I confefs, remained fo ftrongly Im- 
-preffed upon my mind, that I requefted fame of my 
friends, who , had a better opportunity than myfelft 
to make the trial. .For this purpofe fome pieces of 
wood were baked in an oven, in order to expel the moif- 
rture, and prepare them for the experiment. When they 
'were -cooled* a friction was begun, which, as I expected, 
Coon produced electricity; one piece of the wood being 
'.excited politively, the other negatively, as I have lince 
myfelf feveral times experienced. Had the friction been 
‘Continued, the production of aCtual fire might perhaps 
have been the confequence. May not, therefore, the 
production of aCtual fire be the ultimum of eleCtricityi 
• or, in other words, electricity the firft effeCt of latent fire 
thus roufed into aCtion; aCtual fire, the fecond ; and in- 
flammation and diffolution, its third and greateft effort? 
dike fermentation, producing firft, wine; fecondly, vine- 
gar; laftly, , putrefaction. To give fome countenance t® 
this fuppofition, let fome of the effects of electricity and 
fire be placed in a comparative view. Firft, a fmall iron 
wire, held in the flame of a candle fill it acquires a white 
heat, will frequently burft into little balls, flying off in 
tall directions. The fame effeCt is produced by a flint and 
: 'fteel; and in a -fuperior manner, by a flrong charge of 
^electricity, or-a flaih of lightning pafling through fuch 
ta ' ^fmafl 
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a'fmall Wire; the balls then appearing, on examination, 
to be little more than the f corice of the metal. The effect 
of electricity, lightning, and fire, in deftroying the power 
of the artificial or natural magnets, is a circumftance that 
hath been often remarked, and repeatedly publifhed. 
The effects of electricity, in common with fire, on proof- 
fpirit, gun-powder, phofpborus , dry lint, and many other 
fubftances, muft occur to every gentleman converfant in 
tliefe experiments; indeed the parallel might be conti- 
nued much further. But it may be afked, if this be 
: really the fact, fhould not metals become electrical by 
friction? Ianfwer, they are readily excited, provided they 
he firft properly infulated; (but if metal be rubbed 
.againft metal, the phlogifton or latent fire, if I may be 
allowed the expreffion, is fo nearly proportioned in the 
-two metals, that the equilibrium is reftored as foon as 
deftroyed, from the very nature of the bafe, which is the 
.moft perfect conductor we are acquainted with) to ilr 
luftrate this, let it he remembered, that though the 
hydroftatic paradox may be readily explained, yet the 
.fluid muft be confined in a proper veflel; and 
•though the weight, the fpring, and the compreflibi* 
dity of the air, "be eafily demonftrable, a fuitable appa- 
ratus muft neceflarily he .employed .for each purpofe. 
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It is a queftion by no means decided, bow the clouds be- 
come electrified? But if we fuppofe the- eleCtric matter to 
be a pure, ethereal, elementary fire, refident in all bo- 
dies; that the great procefs of vegetation is carried on 
by means of this fubtile, aCfcive, volatile, and pervading 
element; that it is continually exhaling from all the ve- 
getable tribe ; that as evaporation is a remarkable agent 
fn the cooling of heated fubftances, that is, a good con- 
ductor of their fire, as I am well allured it is of electri- 
city ; may we not conclude, that this is one great caufe 
of the clouds becoming at times furqharged with this 
fluid? The great effeCt of electricity in promoting ve- 
getation, hath been fully proved by Dr. de maimbray, 
the abbe nollet, Mr. jallabert, and other gentle- 
men, and was very remarkable in that year when the 
fatal earthquake happened at Lifbon. Dr. stukeley’s 
obfervations on the frequent appearances of fire-balls, 
corafcations, and aurora boreales> at this time (which I 
well remember) deferve to be particularly noticed ; and 
it is generally remarked, that thunder-ftorms are pre- 
ceded by a continuance of hot weather, and that a moderate 
temperature immediately fucceeds the fiorm. The re- 
marks and obfervations of the worthy Dr. hales on this 
fubjeCt feem alfo to merit peculiar attention. Further, 
as the rays of the fun, concentrated by a powerful burn- 
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in g mirror, will produce a fufion of metals, and inftantly 
reduce a number of fubftances prefented to the focus to 
a calx, as the fame effect is in many cafes produced 
by a ftroke of lightning; and as the colours of the 
electric and folar light are equally divifibleby the prifm; 
may not thefe alfo bear fome kind of relation to each 
other ^ Upon the whole, is there not an high degree 
of probability in the fuppofition, that light, fire, phlo- 
gifton, and electricity, are only different modifications of 
one and the fame principle? See notes 7. 8. and 9. A 
fimilarity in feveral of the phenomena of electricity and 
magnetifm hath been long fince pointed out by Dr. 
price,, from M. spinas; and the effeCt of heat on both 
admirably difplayed by Mr. canton’. Of all the fub- 
ftances I have yet examined, the molt difficult to excite,, 
I obferved to be a fine, fmooth, unarmed load-ftone, and. 
a piece of black lead;, thefe feemed to bid defiance to all 
my rubbers: at length, however, with a piece of new 
flannel they were both excited, in a very fmall degree,, 
negatively. In fhort, I have not yet met with* a fingle- 
article (on which the experiment could be tried) that I 
could not, with one or other of my rubbers* make in. 

( 1 ) Many other particulars might be adduced in this place; but they are pur- 
posely omitted; this paper being already extended far beyond, the limits- originally? 
intended by the author. 


fome 
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fome degree electrical. The laws by which all thefe 
fluids are governed, and what conftitutes the precife dif- 
ference between them, may yet, perhaps, by fome fortu- 
nate' philofopher, by a train of juft reflexion, and a fet of 
happily contrived and well-conducted experiments, be 
■much farther elucidated, Laftly, I do not fpeak of thefe 
things as faCts of which I am abfolutely convinced ; but 
eameftly with to recommend them to the ferious con- 
flderation of future enquirers. From what hath been 
laid, however, I apprehend it will fcarcely be doubted, 
that eleCtricity, whatever it be (as I have often remarked) 
is one of the greateft and moft important agents in the 
operations of Nature; that the effeCts of lightning, there- 
fore, are but as difcords in her harmony; and, though 
flngly confidered, they may appear unpleafing notes, 
yet perhaps may he neceflary to fill up and compleat her 
grand and general chorus. 


NOTES ON THE CONCLUSION. 

I . I am* juft informed by Mr. adams, that Mr. clarke,, 
an ingenious gentleman from Ireland, hath lately proved* 
lo the fatisfaCrion of fome of the ableft chemifts there* 
fliat the variety of airs produced by different gentlemen 
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in their pneumatical refearches (that produced from the 
calces of metals perhaps excepted) are only phlogiftic 
vapours arifing from, and partaking of, the qualities of 
the fubftances from which they are difengaged. 

“ The vapour of fermentation is much more fubtle 
“ than common air, it pafles through bodies which 
££ would be impenetrable obftacles to the latter. 

“ Mr. de smeth was not able to retain it by the aid 
££ of lutes: a moiftened bladder, tied over the mouth of a 
a veffel which contained fome fermenting matter, was 
££ not at all inflated during the height of fermentation. 

££ Dr. priestley has obferved, that the fixed air from 
“ fermenting beer combines eafily with the vapour of 
££ water, as alfo with the fmoke of rofin, fulphur, and 
(i other electrical fubftances. 

££ If it were permitted me to indulge in conjectures, I 
££ fliould fay that fome experiments induce me to be- 
££ lieve, that every elaftic fluid refults from the combina- 
££ tiori of fome folid or fluid body with the inflammable 
££ principle, or perhaps even with the matter of pure 
££ fire ; and that on this combination the ftate of elafti- 
££ city depends.” See henry’s tranflation of M. Lavoi- 
sier’s Eflays, phyfical and chemical. 

Mr. lane, in his curious and molt important experi- 
ment of diflolving iron in water impregnated with fixed 

Vol. LXVII. T ' air, 
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air, obferved, that after the water fo impregnated had 
been palled through a clofe filtering paper,, it was' ren- 
dered quite tranfparent, the iron being in perfect folia- 
tion. This dear liquor he endeavoured to preferve in its 
tranfparent ftate, by ufing every means that then occur- 
red to him tc retain the elaftic vapour, but without fuc- 
cefs, for in a few hours the tranfparency diminifhed : 
afterwards the liquor became opaque, and depofited the 
iron .that had been diffolved in it. , 

, 2. Several gentlemen have obferved, that in working 
their electrical machines with great velocity, as heat was 
produced by the friction, the electricity was proportiona- 
bly leflened. 

. 3. Mr,, ekrington, a gentleman who often recreates 
himfelf with mechanical operations, frequently ob- 
ferved, that after he had been for fome time brifkly 
working his drill, the firing of it became flxongly elec- 
trical. 

4. Mr> cav&llq, who fometimes amufes himfelf with 
■the violin, having played a few.fprightly airs, examined 
at my requeft the hairs of the bow, and the firings of 
the inftrumeiit, and found by his electrometer that both 
■of them were electrical ; the former in a plus, the latter 
in a minus ftate. In this cafe, the rofin contributes to 
5 . ' • the 
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the electricity. Perhaps a tenor or baft-viol misht pro- 
duce the effect in a greater degree. 

5. Mr. cavallo like wife informs me, that taking two 
pieces of broken China ware, he ftruck the edges of 
them brifkly together, and produced fparks of fire, but 
no electricity. He then rubbed the broader furfaces 
gently together, and produced a ftrong eleCtricity ; poft- 
tive in one piece, negative in the other. This experi- 
ment I have feverai times repeated to my entire fatif- 
faCtion. 

6. 1 have myfelf obferved, that two glafs tubes, rubbed 
brifkly together, produce a vivid purple light and ftrong 
phofphoreal fmell, but no attraction or repulfion ; but 
two pieces of plate glafs, each two inches long and one 
inch broad, warmed and rubbed gently againft each 
other, produce electricity, negative in one piece, pofftive 
in the other. Ifoth glafs and amber I have alfo made 
eleCtrical by blowing upon them (previoufly warmed) 
with a pair of bellows. 

7. Platina, in the pureft flate to which it could be re- 
duced by chemiftry, and on which Dr. lewis informed 
me that the ftrongeft fires he could raife had no further 
effeCt, I have been able to fufe in a fmall degree, by a 
ftrong charge of electricity. Phil. Tranf. vol. LXIY. 
p. 416. 

• Shies 


T 2 
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8. Since the learned and accurate f. beccaria pub- 
lished the account of- his curious experiment- of revivi- 
fying the calces of metals by eledtricity, it hath been re- 
peated with perfedt fuccefs by feveral other gentlemen, 

9. With refpedt to earthquakes, upon this hypo- 
thecs Dr. stukeley’s and the rev. Mr. mitchel’s inge- 
nious theory may both be near to truth, as the difference 
between them will confift more in words than in fadts. 
See a moft curious and aftonifhing effedt of evaporation 
produced by eledtricity in Dr. franklin’s Experiments ' 
and Obfervations, firft edit. p. 415. Perhaps it may not 
be improper to mention in this place the following 
experiment, which I made long finee myfelf. A 
pretty large wine-glafs being nearly filled with water, 
two wires, terminated by fmall brafs balls, were hung 
oppofite to each other upon the brim of the glafs, fo as 
to let the balls defcend to about half the depth of the 
water. The communication being then compleated by a 
chain, a jar containing three fquare feet of coated fur- 
face, was difcharged through it. The confequence was, 
the Item of the glafs was broken in two places ; the bowl 
was fhivered perhaps into a thoufand pieces, and fcat- 
tered with the water in all diredtions : part of it flew into 
my face, and fo much upon the apparatus, that I remem- 
ber it put an end to my experiments for that time. I had 
negledted to cover the glafs, being defirous to fee the 

effedt 
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effect of the charge palling through the water; not fuf- 
peding-the danger of the electricity evaporating part of 
it, and exploding with fuch violence as might have been 
attended with very difagreeable conferences.. 

10. That water-fpouts are really occalioned by elec- 
tricity I have long fufpeded,.from feveral circumftances; 
but Mr. george forster, E. r. s. in his curious remarks • 
and circumftantial defcription of one of thefe phenomena 
(Voyage round the World, vol. I. p. 191.) feems to have 
confirmed this matter beyond a doubt : the form of the 
column, the hail-ftones which fell at the time, and the 
flalh of lightning which appeared at the disjundion of 
the tube, are, I apprehend, as complete proofs as can be 
given, or as the cafe can admit or require. 

1 1 . Some gentlemen have fuppofed, that the eledric 
matter is the caufe of the cohefion of the particles of bo- 
dies. If the eledric matter be as I fufped, and my expe- 
riments and the foregoing notes feem to prove, a real ele- 
mentary fire inherent in all bodies, that opinion may 
probably be well-founded; and perhaps the foldering of 
metals and the cementation of iron by fire, may he confi- 
dered as ftrong proofs of the truth of their hypothefis. 

12,. Dr. priestley obferves (Experiments and Obfer- 
vations on Air, vol. I.p. 28 o.)That it is probable, that elec- 
5 trie 
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■trie light comes from the electric matter itfelf; that this 
being a modification of phlogifton, it is probable that 
all light is a modification , of phlogifton alfo; and that,, 
prior to his deductions from electrical phenomena, it 
was pretty evident that light and phlogifton are the fame- 
thing in different forms or ftates* Dr. Priestley's third 
volume on the fame fubject was not publiftied till the 
laft.fheet of my paper had been compofed, and a proof 
ftrack off. In the appendix to that volume I find fo cu- 
rious an article in a letter from fignor volta to the DoCtor, 
that I ftiall take the liberty to tranferibe a part of it, as a 
very important addition \ viz. “ I fire, inflammable air 
“ by the fimple eleCtric fpark, even when the electricity 
“ is very moderate, which explains tins' ignes fatui, pro- 
iC " vided they confift of inflammable air iffuing from 
(i marftiy ground by the help of the ele&ricity of fogs 
a and by falling-ftars, which are very probably thought 
<£ . to have an eleCfcrical origin. 

“Ido not know whether you have ever, tried the effect 
¥ of the Bolognian phofphorus on, air. It phloglfticates it 
u in the higheffc degree, and the diminution it occafions 
“ -takes place very quickly, and is altogether.furprifing ; 
u but for this pukpofe the phofphorus muft. be good,. 

** and the weather not too cold.” 


Since 
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Since the preceding papers were prefented to the 
Royal Society, I have feen and heard of fuch a number 
of curious remarks, obfervations, and difcoveries on light, 
fire, phlogifton, and electricity, which tend to illuftrate 
and confirm the opinions I have advanced, that I would 
beg leave to add, that, had I feen or known of feveral of 
thofe excellent pieces in time, I fhould certainly have 
availed myfelf of fuch important labours, and have 
fpoken of the fubjeCts above-mentioned with a greater 
degree of confidence. The authors l allude to are, 
boerhaave on Fire; stahl on Phlogifton ; Dr. Pem- 
berton on Fire; Dr. higgins on Light; the celebrated 
macquer, particularly in his Memoir on Phlogifton, in 
the abbe rozier’s Journal for Nov. 1776; a Memoir 
by Mr. opoix on Phlogifton and Light; -Mr. achard’s 
EleCtrical Experiments on the Ice of diftilled Water, 
frozen in a degree of cold exceeding what ye ever expe- 


rience in this country; with plates of which ice he not 
•only performed the Leyden experiment,- but even ex- 
cited it by friction like glafs (fee the Abbe rozier’s Jour- 
nal for Novy 177 6) ; a||i 3 laftly, M. koes ti^n’s curious 
and moft valuable experiments on the influence of elec- 
tricity, in, thyprpduCtio|j and fupport, ofjai8al 
-getable life,p^rti'crilaid|lins difcovery .thafri M tation was 
'actually 'retlfdedvfey^fcfyng 
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VIII. 'Extras? of a Letter from John Strange, Ef quire , 
His Majefifs Refident at Venice, to Sir John Pringle, 
Bart. P. R.S . : with a Letter to Mr. Strange from the 
. Abbe Jofeph Toaldo, Profeffor in the Univerfity of 
Padua, &c. giving an Account of the 'tides in the 
Adriatic. 

‘ Venice, 

S I Rj Nov, 19, 1776, 

Read Jan. 23. and Feb.6.T" jsj y 0m - j a ft favour you expreffed a 

A ^ e g re 0 f having fome account of the 
the courfe of the tides here. As I have hitherto had but 
little opportunity of making any conclufive obfervations 
on that fubjedf, I applied to the Abbe toaldo, profeffor of 
aftronomy and meteorology in the univerfity of Padua, 
as the moft likely perfon to inform me. He obligingly 
complied with my r^jueft by. the enclofed letter, which 
I hope will be acceptable to you, and in fome mealurc 
fatisfa&ory, being chiefly grounded bn the obfervations 
p£ a very accurate man here, fignor temanza, a cele- 
brated architect and engineer. It is a pity but thofe ob- 
servations J^ad been extended toS longer term; but as no 
better are ifbrbe had at prelent^fwe mult be contented, 

Alv I, • ! [ . 1 1 • - A ’> ■ V, ( * 1 1 ' '1 , j , 

jgffhope for better hereafter. In the mean time it will 

v": y-'i ' , . C ',f •n.idvrivittVj,,;. U 

le aiurthedj&tisfadtion to the ledfned pfofeffor, as well 

. as 



Maris Fencti* 

as to me, sir, ftiould this communication prove alfo ac- 
ceptable to the gentlemen of the Royal Society, to whom 
you may probably think proper to prefent it. 


De reciproco y£ftu Maris Veneti. Ad Nobilem ac Doc- 
tiflimum Joannem Strange , See. Epiftola Jofephi 
\ Toaldi , &c. 

QUAuRENTI tibi, vir praeftantifllme, notitiam red- 
proci maris aeft&s, in portu atque aeftuario Veneto obti- 
nentis, idque nomine Regise Societatis veftrae, clariffimi- 
que ejus praefidis d. johannis pringle, baronetti, liben- 
tifllme, pro modo ac viribus, morem gero. Qul enim 
negare poftem vel tibi, ftudiorum meorum fautori mu- 
nifico, rerumque naturalium ferutatori eximio? vel Re- 
giae Societati, cujus acta cognitionum humanarum re- 
rum gazophylacium, in publicum ufum paratum, ex- 
hibent? vel illuftri ejus praefidi, ob feientiarum amo- 
rem, in Europe tota tam celebrato ? vel ipfi heroicae na- 
tioni Britannicae, pro rerum maritimarum praeftantid, 
notitiam hanc praecipuo jure quafi petenti. Accedit, 
quod res haec illuftrium autorum falfa traditione infe&a 
ac turbata eft, ficut mox docebo ; ut proinde interftt non 
minus navigationis quam feientise, veram ejus hiftoriam 
Vol. LXVIL U memoriae 
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memoriae ac litteris tradere. Conabor ergo praecipua ac 
fiimma rei capita breviter coliigere, Ipfe quidem, Pa- 
tavii degens, obfervationum feriem, quod utinam licuiffety 
inftituere non potui. Sed D. thomas temanza, 
architedhis Veneras clari nominis, diaria obfervationum 
fnaram liberaiiter caecum jamdiu communicavit ac, 
licet femel in die obfervaverit, aquarum tameti motus ac 
leges in ceftubus reciprocis fatis indicant : et autores alios 
eonfului fatis idoneos ; et ipfe identidem, V enetias digref- 
fus, adnotare aliqua minime neglexi. 

i. Primum. igitur, illud etiam. vulgo- notum, Venetiis,, 
nempe in portu atque seftuario Veneto, fingulis diebus,. 
bis aquarum. accefium five fluxum fieri, bifque recelfum, 
five refluxum ; fingulis vero menfibus lunaribus accefius 
fieri majores per aliquot dies circa novam plenamque lu- 
nam 3 quae Veneti appellant Punti d y acqua , quibus 
fcantum, riavigia majora. in portum compelli polfunt, vel 
ab eo educi. 

.2. Quod praecipue fcire filtered: in hoc negotio eft 
hora, qua seftus menftruus ad culmen pervenit, qudque- 
portum pertranfire polfunt. Dubitare quis pofiet prop- 
ter ja'nI PtANci,. aliorumque fortalle fcriptorum auto-, 
ritatem.. elancus autem in Spedmine redpr&d 
in man Jz/pero } recufo Romas ' a. b. 1760, una cttna 
Ibco- de , cwichis minus natis y baud haefitanter traclitg 

J aeftbm 



aeftum maris fequi curium potius fobs quam Lunas; id eft, 
aquas in quolibet acceffu maxime elatas depreliendi foie 
meridianum obtinente, maxime vero depreffas foie ad 
horizontem delato. Quid plan cum aliofque in error era 
induxerit, pronunciare non aufim. Fortaffe caufa errons 
fuit haec: aeftus majores contingunt circa novam plenam- 
queLunam : iftorum. autem acceiTuum hora parum dinar, 
ut mox oftendam, a Lunas tranfitu per meridianum ; qui 
iis diebus parum item diftat a tranfitu ipfius foils per eun- 
dem circulum. Ecce ergo caufam erroris, quae certe impo- 
fuit ipfi jano planco; qui, ut in prsefatione libri.fui 
fatetur, ad portum Ariminenfem, et ad motum aquarum 
obfervandum, non nifi tempore majorum aeftuum novi- 
lunii ac plenilunii defcendere confueverat; circa quadra- 
turas, aeftus modici funt, vixque fenlibiles, ut proinde 
ipforum horam (turbatam etiam ob divulfionem fobs ae 
■Lunae) obfervare non tarn fit promptum. 

. 3. Quaecumque fuerit errandi caufa certe errarunt : 
aeftus enim maris, ut alibi, ita Venetiis, regitur a motu 
Lunae. Dodtor vincentius miotti, obfervator diligens 
ac navus, muriani, quae urbs milliard uno circiter a Ve- 
netiis diftat feptentrionem verfus, anno 1766 et 67, 
cum tabulas quafdam hue pertinentes conficere vellet, 
per plures menfes aeftus accedentis ac pleni horam explo- 
re vit, eamque, in fumml, comperit efTe unam cum di- 

tJ % midia 
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midi& ante tranfitum Lunse per meridiamim fuper vei 
fubter ; vel potius decimam cum dimidii poft : dico po~ 
tius poft, quia credibile eft, aquam, quae ob aeftum ill 
Mediterraneum ex oceano influit, tantum temporis infu- 
mere ut ad extremas eras maris Adriatici perveniat. Ean- 
dem horam colligo ex obfervationibus anno 1770 hor- 
tatu meo babitis a laudato domino temanza (nam in 
diariis praecedentibus hoc neglexerat): idem ipfe, cum 
Venetiis non femel effem,ftudiofe rem animadvertens at- 
que explorans, veruni efte deprehendi.. 

4. Hora. ergo complete portus, quern ftatum etabliffe - 
ment du port appellant Galli, id eft teftus altiflimi in fyzi- 
giis praecipue, eft 1 o^- poft Lunse tranfitum per meri- 
dianum, fuper iorem,,aut inferiorem, ita ut poftea defeen- 
dere ineipiant. Luna vero ad horizontem, five orienta— 
lem five occidentalem, accedente, aquae humiles ac de— 
preftse funt, ac turn demum crefcere incipiunt fa K. 

Ex. 

(a) Hujufmodi aquaram vices in portu Yeneto atque seftuario, £T autoritate ' 
©pus fit, traditas deprehendo in veteri codice- man uferipto, rationem univerfam * 
Venetaa. navigationis, tunc temporis conti nente, una cum ampliffimo portulano : . 
confulendum oiim preebuit fereniffimus marcus foscarenus, Venetianmi . 
prius hiftoricus, delude dux, virdum viveret artium ac doftorum pat-ronus muni-* 
ficentiffimus;, feriptus- eft codex lingua Veixeta , vernacula,,e 3 que antiquiore*, 
Opinabatur ferenifixinus dux, fuiffe codicem petri lauretani, ftrenuiffimi 
duels maritimi ex noftris, qui anno 1443 extrema- nece'Januenfes apud rapal-* 
iua debellayit. Is ergo codex inter pr-zeeept-a navigandi ad rem noftram haec 
babet, p* 54., L $ aque di qiuffi port* (di Yinetia) ft xe quefe ; quanda la Luna- 



Mans Veneiu 

Ex hoc igitur fcriptore (in adnotatione) habemus vices 
geftfts, cum diurni turn menftrui, in portu Veneto. Quod 
vero aflerit, Lund in meridiano exiftente aquas fieri pie- 
nas, latius eft fumendum ; ut intelligatur circa illam ho- 
ram, id eft cum parva differentilunius ac dimidise horse.* 

Jr 

quam fuperius ftatuimus. 

5. Confequitur, ut dicamus de magnitudine, five alti— 
tudine aquarum in seftu. Circa fyzygias crefcunt aquse 
plerumque tres pedes, vel. feres cum dimidio fere, juxta 
menfuram Venetam (pes autem Venetus ad Londinen- 

in Ponente e Lev ante, fono tutie le acque baffe; e quando xY in Siroco e Maiftro 3 
Jon mezze piene ; e quando la Luna xe in Ojtro, le acque Jon tutie piene ; e quandr 
la Luna xe in Greco e Gar bin , le acque Jon mezze vode. 

Avifote, chele acque in fede comenza zorni quaitro della Lima in jin a zorni 10; e 
la xe a ponta; e dai 11 infufo fono acque feconde injina a zorni 19 della Luna ; e da* 
zorni 19 injina. zorni 2$fon&Ie acque in fede; e dai 25 infina quatiro della Lima fona « 
ere fee nti. Avifote , che hi una Lmia fono do fede, e do feconde; e da f alii 9 Facqua 
no xemove, zoh non a pofjor quse hanc vim liahent* 

tc Regula aquarum in portu Yeneto eft hxc : cum Luna eft in occafu vel 
ortu, aquae funt prorfus humiies; cum refpicit plagas intermedias ventorun^ 
** id eftcummedianvaltitudinein afcendendovel defeendendo occupat, aquae funt- 
4< femi-plenae, vei ferni-vacuae- Denique cum Luna eft in -auftro^vei men-* 
<{ diano, aquas font ubique plenas.” 

Bfeec de seftu diurno, quod fequitur pertinet ad aefttis menftruos. 
u Admoneo, aquas deficere incipere>.vel seftus parvos fieri a quarta dieLunse 
€i ufque ad decimam, ac turn incipiunt crefcere ; a die undecima ufque ad unde- * 
“ yicefimam fecund as funt, vel plense ; a decima nona^ad viceftmarir quintam ' 
rurfus defidun4 et delude iterum crefcunr ufque ad quartam diem Lunas*. 
u Admoneo intra Lunationem effe duas periodos^ minorura, totidemque. ma~- 
<( jorum seftuum; a feptima autem die ad nonam (addendum etiam 22 'ad 24); 
aquas-mimme mover!*.?' 
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fern feie habet ut 1540 ad 1 3 5 if) raro ad quatuor, 'ra- 
rius ad quinque, rariffime ant fere numquam ad fex, 
auftro flante, marl irato ac procellofo. 

6. Circa quadraturas elatio aquarum multo minor eft, 
aliquando vix trium pollicum ; media, ut poftea often- 
clam, eft pedis ij. 

7 . Indicata altitudo aeftus, maxima eft quae obfervetur 
in toto Adriatico (cumulantur enim aquae intra Yeneta 
seftuaria) : quo enim magis acceditur ad Mediterraneum, 
minores eontinuo deprehenduntur aeftus, ita ut in Medi- 
terraneo ipfo vix animadvertantur, exceptis euripis, aliis- 
ve anguftis finubus. 

8. Omitto quae ftunt communia seftfts maritimi in 
omnibus maribus ; ex. gr. retardare ftngulis diebus cum 
Lunae tranfitu per meridianum; ex duobus diurnis 
seftubus, alteram effe majorem et diuturniorem ; seftus 
maximos circa fyzygias fere nunquam contingere ipfb die 
fyzigiae, fed vel antevertere, vel retardare, uno, duobus, 
tribus, aliquando vel quatuor diebus. 

9. Peculiaria qusedam adnotabo, ut illud cum jano 
planco, aquas, initio acceftus, paulatim ac len e cref- 
cere per tres aut quatuor horas, ut vix tres poilices lioris 
iingulis afcendant; poftea vehementer infurgere curfu 
valde citato; turn fieri, in culmine, quoddam quafi aquif- 
titium . , ut femihorS quiefcere videantur, poftea velociter 

defcendere, 
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defcendere, et eafdem vices reciproce fubire; unde patet 
fpatium tranfeundi portus quatuor horis ad furamum in- 
majoribus aeftubus circumfcribi. 

i o. Illud prsecipue peculiare videtur huic man noftro, 
atque Adriadco toti, aeftus sequinodtiorum (Luni novi 
vel plena) elTe quidem magnos, fed non totius anni maxi- 
mos ; fed maximos contingere circa folftitium hybernum. 
Sciendum praeterea, fmum Venetum pleniorem in genere- 
deprehendi, et aquas altiores effe hyeme, quam aeftate r 
animadverterat hoc janus ipfe plancus in laudatofpe- 
cimine. Id offcendo duplici comparatione. 

ii. D. temanza obfervationes fuas infdtoit ab 
anno 1751 ad 1755. Ex hoc quinquennali diario ex- 
cerpfi. asftus medios ftngulorum anni meniium, quos ia 
duas claffes tribuo, fex hybernos,. fexque aeftivos. 


Menfes hyberni- 

Menfes seftivi. 


iEftus med. 

In ped. poll. 

iEftus med. 

in ped. 

polli. 

Januarius, 

a 1,9 

Aprilis,. 

1 

9 > 9 ; 

FebruariuSj 

,3 P ,3 ' 

Mains,, 

I 

9 »S> 

Martins,. 

1 9,7 ' 

. Junius,. 

x 

iij 7 ' 

October, 

1 10,9 

Julius, 

~ X 

9 ) 9 - 

November,, 

2. 1,4 

Auguftus-,, 

Ik 

7 > 9 H 

December, 

2 2,6 

Septeinber,, 

X 

9 , 2 ; 

Med., diurnus, 

2 0,5 

■ - -Med, diurnus,, 

I 

9>T 


Eater 
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Patet ex Me tabella, i°, Maximum seftum totius anni, 
Venetiis, contingere menfe Decembri, fcilicet circa fol- 
ftitium hybernum; et huic proximum eiTe aeftum menfis 
Januarii. a°, Minimum accidere menfe Augufto. 3% 
Mediocrem elfe meniibus sequinodtialibus Martio ac Sep- 
tembri. 4 0 , Inter fex menfes aeftivos, menfem folftitia- 
lem Junium afFerre prae caeteris aeftum magnum, et qui- 
dem majorem aequinodtialibus ipfis. 5% Tandem men- 
ftiram aeftuum aeftivorum valde fuperari a menfura 
aeftuum hybernoram. 

1 a. D. temanza, in aeftu adnotando, refpexit ad 
terminum quendam medium, qui Venetiis ab aquarum 
architedtis appellatur commune: intelligunt libellam 
quandam mediam aquarum in lacuM. Quoad ergo 
lianc libellam, live altitudinem mediam aquarum, adno- 
tavit, quae menfura aeftus, tam accedendo quam rece- 
dendo, fuilfet lingulis diebus fupra vel fubter (accidit 
enim aliquando ut aeftus ad earn altitudinem mediam mi- 
nime pertingat). Contuli ego in fummas ex una parte 
dies, quibus fuit fupra, ex alia, quibus fuit infra; idque 
pro utraque menlium clafle. 


iEftus 
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iEfius menfibus hvb. 

4 


Dies 
fupra meet. 

Dies 
inf. med* 

Januario, 

105 

51 

Februario, 

86 

55 

Martio, 

95 

60 

Octobri, 

86 

69 

Novembri, 

98 

52 

Decembri, 

102 

53 

Summae, 

572 

340 


Aiflus menfibus aeft„ 


Dies 
fupra med* 

Dies 
inf. med. 

Aprili, 

82 

68 

Maio, 

85 

80 

Junio, 

73 

77 

Julio, 

64 

91 

Augufto, 

6 3 

92 

Septembri, 

75 

75 


442 

483 


Etiam ex Me tabella difeimus, aeftus hybernis menfi- 
bus fieri faepius elatiores, et finum nofirum pleniorem 
efle, quam Deflate. 

13. Phaenomenon hoc ab alia caula repetere nefcio, 
quam a vicinia majorefolis, in fine Decembris ad peri- 
gaeum delapfi; nifi forte partem aliquam fibi vindicet in- 
citatio major, eo temporis, in annuo telluris motu; ut ali- 
quid fortafle concedendum fit etiam ingeniofae galiuei 
theorise; ut dum aquae, vi attrahente corporum coelef- 
tium, attolluntur, patiantur fimul agitationem aliquam ob 
inaequalem motum telluris. 

Vol. LXVII. X • 14. Porro 
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14. Porro fex illis menfibus hybernis contingunt 
etiam prccelloe majores, atque inundationes urbis, in viis, 
foils, ac locis minus eminentibus. Hoc loco quseftionem 
de majore altitudine aquarum, atque elat& fuperficie maris 
noftri minime movebo. 111am tra&arunt abunde cl. 
manfredius in A&is Academia Bononenjis , tom. II.; 
janus plancus, 1 . c.; cl. albertus fortis in Defcrip- 
tione infula cherso atque osero. § xvi. ; probaruntque, 
aquas Adriatici revera altiores efie hifee annis quam fe- 
culis prsecedentibus. Nunc fane fsepius acceftus aqua- 
rum Yenetiis pertingunt ad ea loca, ad quse nunquam 
antea perveniebant. Itaque necelle eft hodie attollere 
ftrata viarum, ac prsecipue cifternarum, quse aquas plu- 
vias excipiunt,ne in magnis seftubus ab aqua falfa inftci- 
antur. Nec mirum lit, in lacuna urbem ambiente, exif- 
tere tractus non exiguos qui ab seftu fere jam nunquam 
regantur; folum enim lacunae elatum eft, atque extolli- 
tur quotidie (licet magnis ac prorfus regiis fumptibus 
omnes fluvii a lacuna jamdiu depulfi fuerint) ob fedi- 
menta aquarum, ac maris alluviones. 

Ad aeftus quod attinet, ex diario domini temanza, at- 
que ex folutis quibufdam febedis, erui menfuram mediam 
seftus, annis hifee, prout in appoftta tabelli. 


./Eftus 
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iEihis medius annoram. 


11,66 


1,26 


Si quinque pofteriorum annorum obfervationes fideies 
effent, ut priores (quod tamen ne ipfe quidem D. te- 
manza omnino fpondet) manifefto evincerent, aeftum 
maris Venetiis, annis hifce proximis, fummatim crefcere. 
Quod credibiles reddit obfervationes ipfas eft id, quod 
modo aiebam, aquas hoc tempore, quacunque de caufa, 
infolitos acceffus facere, et inundare ea loca quae num- 
quam antea attingebant. Satis de Me quaeftione. 

X 2 


Ann! 

iEflus medius. 
ped. poll. 

1751 

1 1 1,82 

1752 

* io,.S 3 

1753 

2 0,35 

1754 

1 ii,8S 

I 7SS 

1 11,71 

1760 

2 1, 1 1 

1764 

2 3j32 

1765 

2 0,57 

1766, Jim. 

2 0,16 

1769 

^ i 5 I 3 


15. Modo, 
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T5. Modo, data occafione, non eft tacendus embus 
quidam generalis aquarnm in toto Adriatico, qui eft extra 
controveriiam, et cujus cognitio non inutilis efte poteft 
ratione navigationis. Detedhis eft ergo curfus quidam, 
feu motus aquae, qui ingreditur iinum noftrum a dextra 
parte, fitque -fecundum littora Epiri, Dalmatian, atque Hif- 
triae; torquetur per finum Tergeftinum, refluitque ra- 
dendo oras Forojulienfes, Venetas, Raven nates, reliquas in 
ditione pontifida ac regni Neapolitani,egrediturque a parte 
iinifttra. Hinc nautae noftri, cum a Corcvra atque lonio, 
Venetias petunt, legere confueverunt Epiri ac Dalmatibe 
littora; cum contra Yenetiis Corey ram tendunt, navigaie 
ftudent fecundum littora pontifida ac Neapolitans; con- 
tenduntque, eodeni vento, ac ceteris paribus, bac vii 
multo plus itineris confici, quam fecus. 

16. Circul arena hunc aquarum in Adriatico fluxum 
detexit primus, ni fallor, inter feiptores geminianus 
montan arius, profeflor Patavinus, anno 1681,. dum. 
juffu publico lacunam vifitaret. Rem litteris tradidit, uts 
videre eft in ejus commentario Italico, cui titulus, 11 Mare. 
Adriatico , e Jua corrente efaminata , in Colle&ione Autorum. 
qui de Aquh currentibm fcripferunt> vol. iv.. recentis edi- 
tionis Florentine, 1768. Ex progreffu corporum aquae, 
innatantium (puta infularum quarumdam ex putrefadtis, 
radicibus arundinum paluftrium concretarum, quarum 
3 plurimse; 
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plurimae concrefcunt in paludibus Adrianis) arguit mon- 
tanarius, curium hunc aquae in Adriatico conficere 
milliaria tria vel quatuor intra horas xxiiib At janus 
plancus, qui eundem hunc curfum et agnovit et obfer- 
vatione confirmavit, ut videre eft libro laudato, putat, ex 
progreffu cadaverum fluitantium, quae aliquando curfu 
hoc deferuntur ad littora inferiora Ariminenlia, putat, 
Inquam, effe adhuc velociorem. 

17. Opinatur porro ingeniofe montanaeius, fluxum 
hunc in Adriatico derivationem efle curius generalis in 
Mediterraneo-. Tefte enim fournerio in Hydrographia , 
ocean! aquae, per fretum Gaditanum, Mediterraneum in- 
grediuntur a parte dextera, vel Africce; hujus littora ra- 
dunt ufque ad iEgyptum et Syriam; inde convertuntur 
per oras Alice, fortalie circumeunt ^Egeum, legunt oras 
Peloponnefi, ingrediuntur in Adriaticum eo modo quo 
diximus, atque inde exeundo, peragrant littora infera 
Italiae, Liguriae, Galliae, Hifpaniae, ac tandem per fretum 
Gaditanum, a parte finiftra, in oceanum exonerantur ac 
revertuntur. 

1 8. Hsec habebam quae de motu aquarum in linu Ve- 
neto proferrem. Non ingratum, opinor, eri't accipere 
conclufa quaedam ex obfervationibus ad aeftus maritimi 
theoriam limul pertinentia, ac doctrinam Newtonian am 
mhifice illuftrantia. 

19, Conferre 
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19, Cortferre primura placuit situs fyzigiarnra cum 
.tsPabus quadraturarurn, edu&is numeris mediis sftuirui 
quinque dienira circa lingulas, elicitifqae mediis medio- 
rura fingulis illis quinque annis exactis, Et quia Luna, 
.cam fita eft in perigaso, ob viciniam raajercm, attollere 
magis debtt aquas, quam ill apogeo, lii quoque linmeri 
additi Hint : ecce tabellam. 


2Eftus' medius ratione litus Lunas. 



In 

Novil. 

Pr. 

Quad 

id 

lenii. 

Uit.Quad, 

Perigaeo. 

Apogaio.j 

1751 

2 

4,5 

1 

5*4 

2 

3, 1 

1 

6,4 

2 

t 5 

I 

xo 3 o , 

1752 

2 

3, 6 

1 

4,2 

2 

5,3 

1 

3,5 

1 

8,5 

I 

7 U 

i 7 S 3 

2 

7,6 

1 

5,9 

2 

5,3 

1 

4,2 

2 

4 U 

2 

0,6 

j 1 7 54 

2 

4,2 

1 

h 3 

2 

3,3 

1 

4, * 

2 

5,5 

2 

I ,5 

f 1 755 

2 

o,6 

1 

5,3 

2 

4,0 

1 

4,1 

2 

0,9 

I 

10,8 

i 

-[Med. 5 ami. 

2 

4 »* 

I 

4 >* 

2 

4,5 

1 

4,5 

2 


I 

10,1 


Patet, i°, eftus fizigiarum medios valde excedere 
aeftus quadraturarum ; ut ft numeri utriufque fyzigie, et 
quadrature, componantur, eft us medius fyzigiarum lit 
poliicum 2 8, 3, quadraturarum 16, 3, in ratione fere 7 : 4. 
a°, Animadverti poteft, eftum plenilunii plerumque efie 
paulo majorem eftu novilunii, ut quodammodo magis 
videatrur retrahi a luminaribus mafia globi terreftris, 
4 quam 
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<3 uam aquse oceani, utroque in litu, in novilunio qnidem 
fecundum elationem aquarum ; in plenilunio vero kimi- 
naribus divulfis, et in oppofita trahentibus, contra nifum 
aquarum. Hinc enim fequitur, seftum plenilunii ali- 
quantulo elatiorem efie debere. CJtcumque lit, certe 2 0 
teftus Lunse perigese, prout ratio poftulat, fuperat jeftum 
Lunse apogee, in ratione 25,2 ad 22, vel circiter 1 ad 7 ; 
quae eft proportio apparentis diametri Lunaris a perigjeo 
in apogseum. 

20. Porro juxta theoriam phyftcam, ratione fitus Luna? 
et locorum terreftrium, ft csetera lint paria, maximi fieri 
debere nt aeftus, fpecftata teliure tota, cum Luna imminet 
line® aequinodtiali ; ratione vero loci peculiaris, aquse 
magis aftolli debent, cum Luna, declinatione, cognomini. 
ladtudini geographic® ejufdem loci potitur; minime in 
oppofid, Gonfeci ergo fummas aeftuum, pro diebus qui- 
bus Luna morata eft (quinquennio hoc) in fingulis zo- 
diaci fignis: ex his eduftos nuraeros medics expofui in,, 
adjecta tabella. 


Tabula.- 



Tabula seftus maris, fecundum xii, figna zodiad, quatenus refertur ad Ltmam. 
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Optandum fane eflet, praefto 
efle obiervationes plurlum an- 
norum quam quinque, ut in- 
tegrae revolutionis nodorum 
Lunae, vel faltem apfidnm ; et 
bis fuiffe peradtas diebus fin- 
gulls, pro utroque acceffu ac 
receffu seftus. Interim tabula 
haec oftendit : i°, Minimum 
seftum in mari noftro contin- 
gere, prout jubet theoria, Luna 
lignum Capricorni obeunte. 
1 °, Summatim fignorum auf- 
tralium seftus minores efle, 
quam borealium; 3% seftum 
Cancri, et auftralium omnium 
(excepta libra) et borealium 
afcendentium elle maximum ; 
fed 4 0 , fuperari ab aeftu trium 
fignorum defcendentium Leo- 
nis, Virginis, ac Librae, quod 
videtur principiis noftris re- 
pugnare, fed res facile expli- 
catur. Primum enim adtio 
Lunae in oceanum generatim 


maxima 
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maxima effe debet cum verfatur props aequatorem ; de- 
inde in fignis defcendentibus, prope tequinocimm librae, 
collectio quaedam cumulufque aquamm fieri debet, ex 
prsecedente impreflione, in fignis borealibus (ratione cli- 
matis noftri) et ob vim inertias in aquis ipfis. Quare 
asftus circa Virginem ac Libram debent efie generatim 
maximi, prout funt in tabula. 

21. 5 0 , Adnotavi pro fingulis annis locum perigasi 
Lunaris ; ex quo apparet, perigaeum ipfum, motu fuo, 
altiores asftus fecum quafi trahere a figno in lignum, a 
Tauro ac Geminis, 1751 ; ad Cancrum, 175a; ad Leo- 
nem, 1753 ; ad Virginem ac Libram, 1754; ad Scorpio- 
nem, 1755. Praeterea anno 1753, quo anno perigaeum 
proximum erat vertici noftro, aeftum annuum videmus 
fuifle maximum : omnia juxta theoriam, 

22. Similes vices, hortante cl. lamberto, academico 
Berolinenfi, ex obfervationibus quadraginta an norum cl. 
poleni, R. s. s. quae funt apud me, deprehendi in motu 
barometri. Sed de hoc egi in Specimine meo Meteorolo - 
gico, et in opufculo, cui titulus Nova Tabula Barometri , 
agamque fortalie alias. 

Interim opto, hafce qualefcumque notitias meas de 
seftu maris Veneti, a Societate Regi& non inutiles judi- 
cari. Vale, vir praeftantiflime, ac favere perge addic- 
tiffimo cultori tuo. 

Dabam Patavii, 9 calendas Nov. 1776. 

Vol. LX VII. Y 
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X. A Letter from Mr. Peter Wargentin, F. R. S. Secre- 
tary to the Royal Academy of Sciences at Stockholm, to 
the Rev. Nevil Mafkelyne, B. D. F. R. S. and AJlro- 
nomer Royal ; concerning the Difference of Longitude of 
the Royal Obfervatories at Paris and Greenwich, refult- 
ing from the Eclipfes of Jupiter’s JirJl Satellites, obferved 
during thelaJlTen Tears: to which is added, a Compa- 
rative Table of the correfponding Obfervations of the 
Firjl Satellite , made in the principal Obfervatories . 


Vir plurimum reverende atqne celeberrime, 

Read Feb * 6 * "OETIISTI in ntrifque litteris tuis, u ve- 
J 7 7 7* 

u lim obfervationes fatellitum Jovis, 
u praecipue primi, a te grenovici, et a Cl. d. messier 
“ parisiis, ab anno 1765 habitas, inter fe conferre, lit 
a inde eliciatur vera differentia utrinfque meridiani 
huic deiiderio tuo lnbens fatisfacio. 

Tuis obfervationibns primi fatellitis non nifi 17 cor- 
refpondentes messierii obtigerunt; quarum 8 fuerunt 

immerfiones 
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immerflones, et 9 emerilones. Ipfas obfervationes, inter 
fe et cum multis aliis, atque cum poftrema editione mea- 
rum tabularum (ea fcilicet, quam alteri editioni aftrono- 
mise fuse inferuit Cl. delalandius) comparatas, videas 
in fubjuncta appendice, in qua Paris Cl. indicat obfer- 
vationes messierii, in palatio Clugny; Paris O. autem, 
in ipfo obfervatoiio regio habitas. Hie fufliciat attulifie 
refultantes a quovis immerlionum et emerfionum cor- 
refpondentium pari, meridianorum. differentias. 


Ex immerfionibus correfp. 

/ ft 

1765, Dec. 24. proditdiff. merid. 8 35 


1769, Apr. 12. 931 

Apr. 28. 9 58 

1772, Jun. 9. 9 59 

Jui. n. 9 2 3 

1774, Sept. 26. 949 

Oft. 3. 9 26 

Oft. 21. 9 47 


Media ex imm. merid. differ. 9 39 
Med. exclufa prima, 9 42 


Ex emerlionibus. 

f rt 

1767, Apr. 9. differ, merid. 9 49 


1768, Mai. 11. g 29 

Jun. 3. 9 33 

Jun. 19. 10 16 

1769, Mai. 16. 9 26 

Jun. 8. 9 45 

177°, Aug. 5. 9 11 

1773) Oft. 2 S’ 9 23 

Nov. 1. 9 39 


Media ex emerfionibus, 9 37 

Med. exclufa quanta, 9 32 


Tu, vir celeberrime, fere femper ufus es telefcopio new- 
toniano 6 pedum: cl. messier plerumque grego- 
riano pedum, vel acromatico si pedum, vel aliis 

Y % sequales 
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aequalis fere p0ten.ti.2e, quorum neutrum non plufquam 
centies objedtorum diametros amplificat. iEquales fere 
inventse per immerfiones et emerfiones correfpondentes 
meridianorum differentiae, fatis indicare videntur, ferme 
sequalis quoque prseftantise fuiffe utriufque obfervatoris 
inftrumenta. Alium et certiorem modum ea compa- 
rand! nefcio, prsecipue cum tu (c) nullibi indicaveris po- 
tentiam tui newtoni ani : nam longitudo folaambiguum 
eft argumentum. 

Per medium itaque dedudfcum ex 7 paribus immer- 
fionum et 8 emerfionum, invenitur differentia inter 
meridianum grenovicensem et obfervatorium cl. 
messier, g' 38"; vel feclufis uno immerfionum uno 
emerfionum pari, utpote quae nimium a reliquis re- 
cedentem, indicant meridianorum differentiam, 9' 37"; 
adeoque foret inter obfervatorium grenovicense et 
regium Parifinum 9' 35", hoc eft 19 fecundis major 
quam hucufque putavimus. Obftupui videns tantam 
incertitudinem circa veram meridianorum differen- 
tiam inter duo praecipua orbis obfervatoria, eaque vici- 
11a, in quibus ingens obfervationum numerus, annis 

fa) The diameter of the aperture of this telefcope is 9.4 inches, as is men- 
tioned in the preface to my Greenwich Gbfervations, from 1765 to 1774, pub- 
lilhed this year. n. m. 


plufquam 



the Difference of Longitude, See. j5 - 

plufqnam ioo, habitus eft. Quid turn de aliis fentien- 
dum? Ab uni parte vix perfuadere mihi poflum, tantum 
errorem tamdiu potuifle latere; vel comparatas oeferva- 
tiones eclipiium Solis, Lunse, occultationum fixarurc, Sec. 
tam multum potuifle fallere : ab altera, egregius t 5 bo- 
narum obfervationum confenfus, baud facile fortuitus, 
fidem quandam merer! videbatur; nifi obfervationes fa- 
tellitum, ad determinandas accurate longitudinum dif- 
ferentias, prorfus inepats judicaveris. 

Ad tollendum hoc dubium, confului obfervationes 
primi fatellitis, eodeni tempore, in ipfis obfervatoriis re- 
giis, quarum non nifl duae funt immeriiones, fed novem 
emerflones. 


1767, Jan. 

Immerf. 

/ it 

| Emerf. 

f it 

12. diC merid. 

9 16 

17665 Apr. ii # 

9 55 

1772, Jul. 

ii* 

9 4 

17675 Mart. 22. 

9 36 

Medium ex hifee duabus. 

Q 10 

Apr. 16. 

9 32 



y 

Apr. 30. 

9 s 




Mai. 9. 

9 47 




Jun. 1. 

10 28 




Jun. 3. 

9 4 




1769, Jun. 8. 

10 1 3 




1773, oa. 5. 

9 37 




Medium ex omnibus. 

9 42 




exclufis 62 et 8^ 

9 32 

4 



Harum 
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Hamm longe minor eft confenfus : fi tamen fumatnr 
medium, erit id g' 26" vel g' 21". 

Ulterius comparavi feptem paria immerfionum et 4 
emerlionum, annis 1761 — 1764, in utroque obferva- 
torio captarum : medium ex prioribus reperi g f 2,6 // , ex 
pofterioribus g' 30". Et ne quid deeffet, excuffi quoque 
obfervationes ante annum 1700 fadfcas ; inter quas 12 
immerfiones correfpondentes indicant, per medium, dif- 
ferentiam meridianorum g' 57"; fed 7 emerliones tan- 
tummodo 8' 45": ex hoc utroque medio refultat novum 
9 ' 2 1". 

Porro tentavi, mediantibus meis obfervationibus, quo- 
rum multae tuis funt correfpondentes, multae Parilienfi- 
bus, quaefltam ftabilire meridianorum differentiam. Ego 
femper ufos fum tubo achromatico dollondiano 10 
pedum, cum oculari, quod obje&a 90 amplificat, et valde 
diftin&a reddit. 


Immerf. 



the Dili’: fence of Longitude, See*. 


Immerfr correfp. 


h / n 

1765, Dec. 1, 1 12 34 

(b) 1766, Oft. 10. I 12 14 

1768, Apr. 2. 1 13 10 

1769, Mart. 29. 1 ix 47 

1774, Sept. 12. 1 12 32 

Oft. 3. * 12 12 

1775,0ft. x. 1 12 59 

Medium, 1 12 14 


Sed tua obfervatio, die 10 Oft. 1766, 
vix refte fe habere poteft. Ilia 
neglefta, manet ex reliquis me- 
dium, I 12 32 


Emerf. 


h / // 

1766, Mart. 5. 1 12 ix 

1 767, Jun. 1. x 12 7 

1768, Jun. ii. i 12 16 

: 1769, Mai. 16. in 22 

I 8. 1 12 19 

| *77*5 Aag. 17. 1 12 o 

Sept. 25. 1 12 8 

1772, Sept. 27. 1 12 14 

i 773 ,Oft. 25. x 12, 31 

17 745 Dec. 29. 1 12 23 

1775, Feb. 22. 1 12 16 

Dec. 27. 1 12 11 


Medium ex his, 1 12 11 


Obfervationes emerfioniim fatls pulchre confpirant: 
medium ex immerfionibus et emerfionibus innnit dif- 
ferentiam meridianorum Grenovicenfis et Stockholmenfis 
i h 12/ 21". Perfuafus fum earn i h i 2/ 20" vix effe mi- 
norem. Per medium ex 8 obfervationibus correiponden- 


(b) There was a miftake of twelve hoiirs in fetting down this obfemtion at 
Greenwich, by the clock keeping fidereal time, which made an error of T 49" 
in the reduction to apparent time. The correft time of immerfion is i6 h 59' 31", 
which happens to agree exaftly with Mr. waugemtin’s calculation, a ad the 
difference of longitude of Stockholm and Greenwich' by this obfervatic 1 is 
i h iz f 14" inftead of i h io' 25 fet down above; and the mean difference from 
all the feven correfponding immerfions is i h 12' 30". See the errata prii \ed 
with my Obfervatxons. n. m« , 

tibus, . 
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libus, quae habitae funt annis 1761 — 1764, emergit 

ii^'i 2/ 2 5 /7 . 

Quod attinet differentiam meridianorum obfervatoril 
Parifienfis et Stockholmenfis, ex 8 immerlioaibus et 13 
emerfionibus primi fatellitis limul in utroque notatis ante 
annum 1760, conclufi earn, per medium, effe i h a' 5 1". 
Sed 7 immeriion.es et 12 emerfiones correfpondentes, 
fadtae poft annum 1760, earn paulo minorem, fcilicet 
2' 47", reddunt. Nihilominus, cum per obfervationes 
quarundam eclipfium foiarium evincere conati funt cele- 
berrimi viri, pingre, du sejours, et lexell, earn pan- 
els fecundis effe majorem, non refragabor affumere earn 
i h 2 / 55", qua fubtradtfi ab inventa differentia obfervato- 
rorum Grenovicenfis et Stockholmenfis i h 12' 21", reftat 
differentia Grenovicenfis et Parifienfis g f 2.6". 

Omnes itaque has difquifitiones teftantur, differentiam 
quaefitam majorem effe g' 1 6 /; quantam hucufque exifli- 
mavimus ; et ni fallor ad g'%^ proximd accedere ; de qua 
re tamen totum ad te, vir celeberrime, defero judicium. 

Interim hinc apparet, arduum fane effe, praecifas me- 
ridianorum differentias, ope obfervationum fatellitum 
Jovis, determinare. Fixarum occultationes a Lunl, probe 
obfervatae et excuffae, certiorem fine dubio fuppeditant 
methodum. 


Valde 



the inference of Longitude , &c. 

Valde miror, quare ilii, qui bonum telefcopium vel 
tubum habent, eo non femper in obfervandis fatellitibus 
utantur, fed jam hoc, jam alio, forte minus prceftanti. 
Obfervationes multum dubias, vel aeris vitio vel aliam ob 
cauffam, ne quidem in diarium refero, nam nulla obfer- 
vatio prseftat malse. Quantum malse obfervationes, pro 
bonis venditatse, me confuderint et torferint, dicere non 
pofllim. 

Quartus, die 8 Februarii hujus anni, eclipfin tantum 
partialem paffus eft. Magnum tuse in me amicitise lig- 
num id interpretabor, 15, quovis anno finito, tuas mecum 
communicare velis obfervationes fatellitum ; nam his, 
etiam fenex, dele&or. Hanc quoque provinciam, exa- 
minandi motus fatellitum, mihi, quail tacito confenfu, de- 
tuliffe videntur collegse aftronomi. Ceterum ingruens 
astas, nimise occupationes quas fecretarii munus in- 
jungit, defedtus inftrumentorum (nam murali nondum 
inftrudtus fum, quidquid dicat Celeb, lalandius) ut 
taceam modicas ingenii vires, vetant quo minus aliquid 
tua vel alioram exfpedtatione dignum prseftare poftim (b K 
Frigus hac hieme in Suecia continuum fuit, a a 8 Dec. ad 
5 Februarii; fed neutiquam, pro ratione climatis, prseter 

(c) Notwithftanding the author’s modefty, the aftronomers of Europe know 
him better, and lament with him that he is not fo well provided with capital 
inftruments as he willies and deferves to be® n. m* 


Vol, LX VII. 


Z 


modiirn? 
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modum, rigidum : plerumque 5 vel 1 o gradum thermo- 
metri reaumuriani. Diebus tantum 2,6 et 27 Januarii, 
ad 17 et 18 gradus exafperatum fuit. Minor quoque 
nivis copia apud nos fait, quam pro folito. Miror itaque 
intenfitatem frigoris, eodem tempore, apud exteros. 

Dab. Stockholm!®* die 19 Mart, 1776. 


Obfervationes primi fatellitis Jovis in prsecipuis obferva' 
toriis habitae, inter fe et cum tabulis comparatae. 


Ann. Temp. Obfervationis. 


Calculus. 

Diff, Calc. Obfervatorium 

M. D. 

h r u 


h / // 

l tt 

1765. Sept. 21. 

16 53 22 

Im. 

16 53 15 

0 7 — Stockholm. 

oa. 23. 

13 3 1 6 

- 

13 31 30 

0 24 + Tymav. 

Dec. 1. 

10 40 XI 

- 

10 40 48 

0 37 + Greenwich. 


11 33 2 5 

- 

n 33 33 

0 8 + Lund. 


u 50 56 

- 

11 51 0 

0 4 + Tyrnav. 


11 52 45 

- 

11 52 59 

0 14 + Stockholm. 

8. 

12 31 34 

- 

12 31 25 

0 9 — Greenvv. 

*5* 

14 22 3 

- 

14 21 40 

0 23 — Greenvv. 


15 3 1 4° 

- 

i5 3 1 5 2 

0 12 + Tymav. 

J 7* 

10 1 15 

- 

10 1 26 

0 11 + Stockh. 

22, 

16 12 19 

- 

16 11 47 

0 32 — Greenvv. 

24. 

10 39 27 

- 

10 39 19 

0 8 — Greenvv. 


10 48 2 

- 

10 48 37 

0 35 + Paris Cl. 


11 49 6 

- 

11 49 3 1 

0 25 + Tyrnav. 

1766. Jan, 2. 

8 8 44 

- 

8 9 24 

0 40 + Stockh. d . 

9- 

9 40 16 

- 

9 4° 37 

0 21 + Lund. 

16. 

11 50 51 

- 

11 51 1 7 

0 26 + Stockh. 

23. 

13 40 3 2 

- 

13 41 28 

0 56 + I’pfala d * 

25- 

8 8 30 

- 

8 9 30 

1 0 -j- Upfala d . 


Obfervationes 



the Difference of Longitude, Sec. 17 1 

Obfervationes comparatse primi fatellitis Jovis. 


Ann. Temp* Obfervationi 

IS 9 


Calcnlus. ! 

Diff. 

Calc. Obfervatoiicm. 

M. 

D. 

h 

/ 

ft 


h 

/ 

n 

f 

// 



1766. jam 

25- 

8 

IO 

39 

Inn. 

8 

I I 

IO 

0 

3 1 

+ 

Stockholm. 

Febr. 

iS- 

16 

6 

3 1 

Em. 

16 

6 

H 

0 

i7 

— 

Upfala. 


24. 

12 

3 1 

20 

- 

12 

3 1 

48 

0 

28 

+ 

Stockholm. 

Mart. 

■ 5- 

7 

43 

55 

- 

7 

44 

25 

0 

3° 

+ 

Greenw. 



8 

55 

4 

- 

8 

54 

56 

0 

8 

— 

Upfala. 



8 

56 

6 

- 

8 

56 

3 6 

0 

30 

+ 

Stock h. 



9 

45 

3* 

- 

9 

45 

39 

0 

3 

+ 

Peterfb. 


10. 

IS 

20 

27 

- 

i5 

20 

58 

0 

3i 

+ 

Paris. CL 



15 

20 

35 

- 

*5 

20 

56 

0 

21 

+ 

Paris. O. 


12. 

9 

49 

54 

- 

9 

So 

0 

0 

0 

9 

+ 

Paris. O. 



9 

49 

56 

- 

9 

50 

5 

0 

9 

+ 

Paris. CL 



10 

33 

12 

- 

10 

33 

32 

0 

20 

+ 

Lund. 



10 

5° 

4i 

- 

10 

So 

59 

0 

18 

+ 

Tyrnav. 



10 

50 

53 

- 

IO 

5i 

18 

0 

25 

+ 

Upfala. 



10 

52 

13 

- 

IO 

52 

58 

0 

45 

+ 

Stockh. 



11 

4 1 

56 

- 

II 

42 

1 

0 

5 

+ 

Peterfb. 


19. 

12 

3° 

15 

- 

12 

3° 

8 

0 

7 

— 

Lund, 



12 

47 

52 

- 

12 

47 

54 

0 

2 

+ 

Upfal. A 


21. 

7 

16 

36 

- 

7 

16 

48 

0 

12 

+ 

Tyrnav. 


26. 

13 

33 

3 6 

- 

13 

34 

*3 

0 

37 

+ 

Greenw* 


28. 

8 

12 

33 

- 

8 

12 

44 

0 

11 

+ 

Paris. CL 



9 

8 

56 

- 

9 

8 

53 

0 

3 

— 

Wien. 

Apr. 

4. 

11 

10 

7 

- 

11 

IO 

48 

0 

4i 

+ 

Upfala, 



11 

10 

21 

- 

11 

IO 

29 

0 

8 

+ 

Tyrnav* 



11 

12 

4 

- 

11 

12 

28 

0 

24 

+ 

Stockh. 


11. 

11 

56 

3° 

- 

11 

56 

59 

0 

29 

+ 

Greenw,' 



12 

6 

25 

* 

12 

6 

15 

0 

IO 

— 

Paris. O. 



*3 

2 

32 

- 

13 

2 

26 

0 

6 

— 

Wien. 


20. 

8 

3i 

18 

- 

8 

3 1 

49 

0 

3 1 

+ 

Paris. CL 



8 

3i 

37 

- 

8 

3f 

47 

0 

IO 

+ 

Paris, O* 



9 

27 

56 

- 

9 

27 

58 

0 

2 

+ 

Wien. 



9 

32 

3° 

- 

9 

32 

43 

0 

13 

+ 

Tyrnav* 
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Qbfervation.es comparatse primi fatellitis Jovis. 


Anni. Temp. Obfervationis. Calculus. Diff. Calc. Obfervatoriura. 


M. 

D. 

h 


// 


h 

/ 

ft 

/ 

ft 


1766. Apr. 

20. 

9 

34 

24 

Em* 

9 

34 

42 

Q 

l8 + 

Stockholm,, 



10 

2 3 

9 

- 

10 

23 

45 

O 

36 + 

Peterfb, 


27. 

11 

3° 

20 

- 

n 

3° 

42 

Q 

22 + 

Stockh. 

May 

I 3- 

9 

47 

45 

- 

9 

48 

2 

Q 

17 + 

Tyrnav. 



9 

49 

24 

- 

9 

5° 

1 

O 

37 + 

Stockholm, 


20. 

11 

2 S 

12 

- 

11 

25 

4 

O 

8 — 

Lund* 

3«n. 

5- 

9 

54 

1 

- 

9 

53 

44 

Q 

3 7 — 

Wien* 



9 

58 

39 

- 

9 

58 

29 

0 

10 — . 

Tyrnav* 

oa. 

iO. 

17 

1 

20 

Ira. 

16 

59 

3 3 

I 

49’ 

Greenw, 



18 

11 

45 

- 

18 

11 

42 

0 

3 

Stockh. 


26. 

16 

27 

59 

- 

16 

28, 

3 3 

0 

14 + 

Tyrnav* 

Nov. 

2. 

i7 

21 

9 

- 

17 

21 

18 

0 

9 + 

Paris. CL 



18 

22 

20 

- 

18 

22 

12 

0 

8 — 

Tyrnav. 



18 

24 

*9 

- 

18 

24 

11 

0 

8 — 

Stockholm, 


18. 

16 


1 

- 

16 

35 

5 3 

0 

10 — 

Tyrnav* 


2 5- 

18 

9 

27 

- 

18 

10 

1 

0 

34 + 

Lund, dm 



18 

29 

37 

- 

18 

29 

27 

0 

10 — 

Stockh. 

Dec. 

4 * 

13 

44 

46 

- 

3 3 

45 

9 

0 

23 + 

Paris. O* 



33 

44 

53 

- 

*3 

45 

11 

0 

18 4 " 

Paris*. CL 


18. 

17 

25 

29 

- 

3 7 

25 

29 

0 

0 

Paris. O* 

1767. Jan. 

3- 

*5 

24 

1 

- 

3 5 

23 

57 

0 

4 — 

Greenw. 


12. 

11 

4 i 

4 i 

- 

11 

42 

3 5 

0 

34 + 

Greenw, 



11 

5 ° 

57 

- 

11 

5 3 

3 3 

0 

34 + 

Paris. O. 


26. 

3 5 

34 

34 

- 

3 5 

34 

40 

0 

6 *4" 

Paris. CL 

Feb, 

* 2^* 

17 

26 

54 

- 

3 7 

27 

20 

0 

% 6 -J~ 

Paris. ObC 



*7 

27 

3 3 

- 

3 7 

27 

22 

0 

9 + 

Paris. CL 


* 3 - 

. 9 

18 

*3 

- 

9 

18 

44 

0 

3 3 + 

Tyrnav. 


20. 

11 

14 

44 

- 

11 

3 5 

3 4 

Q 

30 4. 

Stockholm, 


27. 

11 

57 

7 

- 

11 

58 

6 

O 

59 + 

Greenw. d » 

Mart, 

■ I 7- 

8 

12 

16 

Em* 

8 

11 

32 

O 

44 — 

Tyrnav. 


22. 

14 

28 

48 

- 

3 4 

28 

40 

Q 

8 — 

Greenw, 


(d) This obfervation rightly reduced to apparent time is i6 h 59' 31", which 
happens to agree exa&ly with Mr. wargentin’s calculation. H. m. 

Obfervationes 
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Obfervationes comparatse primi fatellitis Jovis. 


Ann* Temp, Qbferv'atioms. 


M. D. 

.1 > " 


1767, Mar. 22 . 

14 38 24 

Em, 

3 i- 

12 4 36 

- 


12 4 54 

- 


12 6 28 

- 

Apr. 7. 

14 I 46 

- 


14 2 59 

- 

9 - 

7 20 1 

- 


7 29 50 

- 

14. 

14 47 52 

- 

16. 

9 16 *3 

- 


9 25 45 

- 

23. 

12 23 22 

- 


12 23 42 

- 


12 24 30 

- 

3 °- 

13 9 10 

- 


13 l8 15 

~ 

Mai. 9. 

9 32 26 

- 


9 42 13 

- 


10 43 7 

- 

16. 

12 38 6 

- 

3 °* 

10 15 32 


Jun. 1, 

9 44 1 

- 


9 54 29 

- 


xo 56 8 

- 

8. 

1 1 37 42 

- 


11 46 46 

—t 

Nov. 21. 

19 10 24 

Im. 

Dec. 23. 

H 43 47 

- 

3 °* 

16 24 27 

- 

'1768. Jan. 22. 

16 24 13 

- 

3 1 * 

12 53 11 



42 53 22 

- 


Calculus. 

Dl£ Calc. Obfervatorium 

h f tt 

r // 

14 37 5 6 

0 28 - — Paris. O, 

12 5 £> 

0 24 + Upfala, 

12 4 4 1 

013 — Tyrnav* 

12 6 40 

0 12 + Stockh. 

H 1 35 

on — Upfala. 

14 3 i 5 

0 16 + Stockh, 

7 20 13 

0 12 * 4 * Greenw. 

7 29 31 

0 19 — • Paris. CL 

14 47 36 

016 — Greenw. 

9 16 43 

0 30 + Greenw. 

9 25 59 

0 14 + Paris. O. 

12 23 10 

0 12 — Tyrnav. 

12 23 29 

013 — Upfala. 

12 25 9 

0 39 + Stockh. 

13 8 47 

0 23 — Greenw* 

13 18 3 

012 — Paris. O. 

9 3 2 5 8 

0 32 + Greenw. 

9 42 14 

0 i-j** Paris. O* 

10 43 10 

0 3 + Tyrnav. 

12 37 54 

0x2 — Tyrnav. 

10 15 17 

0 15 — Philadelphia. 

9 44 20 

0 19 4 * Greenw. 

" 9 53 36 

0 53 — * Paris. O. d* 

10 56 31 

0 23 + Stockh. 

11 37 49 

074* Greenw. 

11 47 5 

0 19 4 Paris. O* 

19 10 35 

0 11 4 * Lund. 

14 43 45 

0 2 — Paris. CL 

l6 24 l6 

on— Greenw. 

16 23 37 

0 36 — Greenw. 

12 52 56 

0 15 — Paris. O. 

12 52 58 

0 24 ~ 1 ' Paris. CL 


Obfervationes* 
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Obfervationes comparatss primi fatellitis Jovis. 


Ann, Temp. Obfervatlonis. 


Calculus. 

Diff. Calc. Obfervatorium 

M. D, 

h / // 


h / if 

/ it 

1768. Feb. 14. 

16 39 50 

Im. 

16 39 28 

0 22 — Paris. Cl 


17 42 37 

- 

17 42 21 

0 16 — Stockh. 

16. 

12 8 37 


12 9 14 

0 37 + Upfala. 


12 8 54 

- 

12 8 55 

0 1 + Tyrnav. 


12 11 9 

- 

12 10 54 

0 15 — Stockh. 


12 59 24 

- 

12 59 57 

0 33 + Petersburg. 

Mart. 1. 

9 46 49 

- 

9 47 26 

0 37 -f Philadelphia. 


H 57 57 

- 

14 57 21 

0 36 — Paris. Cl. 


15 58 20 

- 

15 58 15 

0 3 — Tyrnav, 

•O 

D* 

10 26 59 

- 

10 27 4 

0 5 + Tyrnav. 

8. 

i? 54 3 2 

- 

17 54 i° 

0 22 — Upfala. 

10. 

11 22 15 

- 

11 21 56 

019 — Paris. CL 


12 22 40 

- 

12 22 50 

0 10 + Tyrnav. 


13 25 

- 

13 13 52 

0 27 4 " Peterfburg. 

* 7 - 

13 32 17 

- 

13 32 47 

0 30 4 “ Geneve. 

19. 

9 39 0 

- 

9 S 8 56 

0 4 • — Peterfburg. 

24. 

15 29 3 

- 

15 29 3 

0 0 Geneve. 

26. 

9 43 3 

- 

9 43 16 

013+ Paris. O. 


9 58 1 

- 

' 9 58 6 

0 5 4 Geneve. 


10 43 56 


10 44 12 

0 16 4 b Tyrnav. 


* 1 34 S 2 

- 

11 35 i 4 

0 22 4 " Peterfburg, 

Apr. 2. 

11 29 33 

- 

ii 3 ° 25 

0 52 4 * Green w. d* 


12 42 43 

- 

12 42 36 

0 7 — Stockh. 

18. 

12 1 37 

Em, 

12 1 14 

0 23 — Greenw*. 

25. 

8 56 50 

- 

8 33 

O 17 — Philadelphia. 


57 19 

- 

13 57 i° 

0 9 — Greenw. 

27. 

8 35 11 

- 

8 35 26 

0 15 + Paris, Cl. 

Mai. 4. 

10 31 0 

- 

10 30 56 

0 4— Paris. Cl. 


ii 32 18 


11 31 50 

0 28 — Tyrnav. 


11 33 22 

- 

11 33 49 

0 27 4 " Stockh. 

11. 

12 16 46 

- 

12 16 46 

0 0 Greenw. 


12 26 15 

- 

12 26 4 

on - Paris. Cl. 


6 



Obfervationes 



the Difference of Longitude , 8cc. 


Obfervationes comparatse primi fatellitis Jovis. 


Ann. Temp. 

Obfervationis® 


Calculus. 

DifF, Calc* Obfervatorrum. 

M D. 

h f 

tt 


h > n 

/ 

a 

1768. Mai. 20. 

8 49 

54 

- 

8 49 29 

0 

25 — Paris. CL 


9 52 

6 

- 

9 52 22 

0 

16 + Stockh. 

27. 

10 43 

14 

- 

10 43 44 

0 

30 + Paris. CL 

Jnn. 3. 

12 28 

6 

- 

12 28 19 

0 

13 + Greenvr. 


12 37 

39 

- 

*2 37 37 

0 

2 — • Paris. CL 

12. 

8 50 

16 

- 

8 s° *8 

0 

2 + Greenw* 


10 0 

23 

- 

10 0 49 

0 

26 4" Upfala. 


10 2 

32 


10 2 29 

0 

3 — Stockh, 

19. 

10 43 

27 

- 

10 43 38 

0 

11 4 - Greenw. 


10 53 

43 

- 

IO S 2 56 

0 

47 — Paris. CL d « 

Jul. 5. 

9 3 

5 


9 8 13 

0 

8 4- Paris. CL 

1769. Jan. 17. 

18 37 

12 

Im. 

18 37 6 

0 

6 — • Stockh. 

Feb. 2* 

16 46 

3 ° 

- 

16 46 19 

0 

11 — Tyrnav. 

16. 

14 21 

10 

- 

14 20 57 

0 

13 — Norriton. 


14 21 

5 i 

- 

14 21 49 

0 

2 — Philadelphia. 

23* 

16 IS 

1 

- 

16 14 S9 

0 

2 — Norriton. 


16 16 

21 

- 

16 is S 1 

0 

30 — Philadelphia. 

Mart. 20. 

16 9 

9 

- 

16 9 3 

0 

6 — Paris. CL 

29. 

12 25 

7 

- 

12 24 22 

0 

45 — Greenw. 


13 34 

34 

- 

*3 34 34 

0 

0 Tyrnav. 


J 3 36 

54 

- 

*3 33 

0 

21 * — Stbck.li. 

Apr. 3. 

14 49 

25 

- 

14 49 49 

0 

24 4 " Norriton. 


14 50 

48 

- 

14 50 41 

0 

7 — Philadelphia* 

5 * 

*5 13 

35 

- 

J 5 13 1 

0 

34 — Lund, 


*5 32 

3 ° 

- 

15 32 27 

0 

3 — - Stockh. 

10. 

16 46 

0 

- 

16 45 41 

0 

19 — Norriton. 

12. 

1 1 14 

37 

- 

11 14 40 

0 

3 4 “ Norriton. 


11 is 

49 

- 

11 15 32 

0 

17 — Philadelphia. 


16 16 

8 

- 

16 16 9 

0 

1 + Greenw* 


16 25 

39 

- 

16 25 27 

0 

12 — Paris. CL 

21. 

12 5° 

14 


12 5° 1 

0 

13 — Paris. CL 


*3 52 

41 


*3 52 54 

Q 

134- Stockh. d * 

Obfervationes 



1 76 Mr. wargen tin’s Letter on 

Obfervationes comparatae primi fatellitis Jovis. 


Ann. Temp. Obfervationis 


Calculus. 

Diff. Calc. Obfervafcorium* 

M. D. 

h / rr 


h / ft 

/ // 

1769. Apr. 28. 

14 35 17 

- 

14 36 7 

0 50 -f Greenw. 


14 45 15 

- 

14 45 25 

0 10 + Paris. CL 

30. 

9 x 3 42 

- 

9 14 16 

0 34 + 'Paris. O. 


10 16 38 

- 

10 17 9 

0 31 + Stockh, 

Mai, 5, 

11 29 27 

- 

11 29 43 

0 16 + Norriton. 


11 30 28 

- 

11 3° 35 

0 7 4 Philadelphia. 

12. 

10 37 6 

Em. 

10 35 37 

1 29 — Otaheite. d* 

16. 

9 3 1 35 

- 

9 3° 54 

0 41 — Greenw, 


9 4i 1 

- 

9 40 12 

0 49 — Paris. CL d. 


10 43 7 

- 

10 43 5 

0 2 — Stockli. 

21. 

” 55 13 

- 

11 55 5 

0 8 — - Norriton. 

23* 

11 34 52 

- 

11 34 28 

0 24 — Paris. CL 


12 37 4.2 

- 

12 37 21 

02 1 — Stockli. 

28. 

n 3 1 59 

- 

11 3i 53 

0 6 — S. Jofeph* 

Jun. 4. 

10 45 3 1 

- 

10 46 31 

1 0 4- Otaheite. 

6. 

7 53 58 

- 

7 54 8 

0 10 4- S. Jofepli, 


IO II 32 

- 

10 11 27 

0 5 — Norriton. 

8. 

9 4° S 6 

- 

9 41 20 

0 24 4- Greenw. 


9 50 4i 

- 

9 5° 3 8 

0 3 — Paris. CL 


9 5* 9 

- 

9 5° 3 6 

0 33 — Paris. O. 


10 51 45 

- 

10 5 1 5 1 

0 64- Upfala. 


10 53 *5 

- 

10 53 3i 

0 16 4- Stockli, 

^3* 

7 8 16 


7 8 28 

0 12 4- Otaheite. 


12 5 * 

- 

12 5 1 

0 0 Norriton, 


11 35 33 

- 

” 34 53 

0 40 — Greenw. 

1 8. 

H 33 3 6 

- 

"i4 33 37 

0 14- Otaheite. 

20. 

9 1 43 

- 

9 1 57 

0 14 4- Otaheite. 


ii 40 56 

- 

11 41 11 

0 15 4 Norriton. 

22. 

8 27 35 

- 

8 27 51 

0 1 6 4 Philadelphia. 

24. 

9 6 41 

- 

9 7 3 

0 22 + Tyrnav. 

27. 

10 36 15 

- 

10 55 39 

0 36 — Otaheite. 

% 9 * 

8 2 52 

- 

8 3 14 

0 22 4- S. Jofeph. 


5 


Obfervationes 



the Difference of Longitude, 8cc. 


Obfervationes comparatse primi fatellitis Jovis. 


Ann* Temp, Obfervationis. 


Calculus. 

Diff. Calc. Obfervatorium, 

M. D. 

h / // 


h > ft 

t // 

1769, June 29. 

10 21 55 

Em, 

10 21 25 

0 30 — Phiiadelpli* 

JuL 1. 

9 5° 2 4 

- 

9 50 3 1 

0 74* Greenwich, 

* 

ix 0 59 

- 

11 0 43 

0 16 — Tyrnav. 

6. 

7 18 16 

- 

7 17 56 

0 20 — Otaheite. 

13, 

11 Si 49 

- 

xi 51 24 

0 25 — S. Jofeph, 

24. 

10 12 28 

- 

10 11 4r 

0 47 — Paris* Cl. 

Aug. 23. 

CO 

XT) 

r»f 

fN. 

- 

7 15 *4 

0 34 — Philadelph. 

1770, Jam 29. 

17 52 18 

lax. 

17 5 2 2 9 

0 11 + Tyrnav. 

Mart, 16, 

17 2 47 

- 

17 216 

031 — Greenwich. 

*5- 

H 37 H 


14 36 33 

0 41 — - Tyrnav. 

Mai, 3. 

*3 9 36 

- 

*3 9 33 

0 3 — Tyrnav. 

10, 

14 45 45 

- 

14 46 20 

0 35 4 Lund* 


IS 5 43 

- 

15 5 46 

0 34 Stockholm* 

26, 

13 2 18 


13 3 9 

0 51 4 Berlin, 

Jun, 4, 

9 40 27 

- 

9 41 18 

0 51 4 Tyrnav. 

11. 

12 ^5 22 

Em, 

.12 34 27 

0 55 — Greenwich. 

20, 

10 8 30 


.10 8 6 

0 24 — Stockholm. 

M 1 3. 

9 5 7 

- 

9 5 *9 

0 12 4 Greenwich. 


9 6 24 

- 

9 S 3 s 

0 46 — Chiflcliurft. 


9 59 J5 

- 

9 59 1 

0 14 — Bedim 

29. 

8.34 19 

- 

8 34 13 

0 6 — Tyrnav* 

Aug. 5. 

9 19 4i 

- 

9 19 57 

0 16 4 Greenwich, 


9 .20 42 

- 

9 20 16 

0 .26 — Chiflehurfh 


9 28 52. 

- 

9 29 12 

•O 20 4 Paris. CL 


10 13 31 

- 

io 13 34 

0 34 Bedim 


w 

O 

05 

Q 

to 

Ov 

- 

10 30 6 

0 19 — Tyrnav. , 

21. 

8 52 49 

- 

8 5 2 47 

0 2 — Tyrnav. 

Sept. 13. 

8 15 14 

- 

8 14 46 

0 28 •#- Paris* CL 

177x.Mart.28. 

16 45 22 

Im, 

16 45 6 

016 — Paris* CL 

Apr. 13. 

15 4 21 

- 

15 4 16 

0 3 — Paris* CL 

Mai. 22. 

13 46 13 

- 

13 46 28 

0 15 4 Geneve. 

Vox., LXjXVII. 



A a 

Obfemtionc 



17 8 Mr. warden tin’s Letter on 


Obfervationes comparatae primi fateliitis Jovis. 


Ann. Temp. Obfervationis. 


Calculus. 

Difr, Calc. Gbfervatoriusn 

M. D, 

h f tt 


h ' " 

/ // 

1771. Mai. 22. 

14 32 20 

Im. 

14 32 25 

05 + Tyrnav. 

Jun. 7. 

11 44 57 

- 

11 44 53 

0 4 — Paris. Cl. 


1 1 59 43 

- 

11 59 50 

07+ Geneve. 

14. 

13 52 20 

- 

13 52 14 

0 6 — Geneve. 


14 22 4 

- 

14 21 39 

0 25 — Berlin. 

JuE 23. 

14 5 3 8 

Em. 

14 4 58 

0 40 — Greenwich. 

25- 

9 44 15 

- 

9 43 5 1 

0 24 — Tyrnav. 

Aug. 1 . 

10 37 38 

- 

xo 38 I 

0 23 + Paris CL - 

10. 

8 3 49 

- 

8 3 38 

0 11 — Tyrnav. 

17- 

8 49 47 

- 

8 49 53 

0 6 + Greenw. 


8 51 0 

ta* 

8 50 12 

0 48 — Chiflelmrft. 


9 14 12 

- 

9 14 8 

04— Geneve. 


xo 1 47 

- 

xo 2 4 

0 17 + Stock. 

Sept. 2. 

8 23 55 


8 24 2 

0 7 + Tyrnav. 


8 26 14 

** 

8 26 x 

0 13 — Stockholm. 

9. 

9 ix 56 

-- 

9 11 44 

0 12 — Greenw. 


9 12 18 

- 

9 12 3 

0 15 — Chiflehurft. 

25- 

7 37 43 

- 

7 37 24 

0 19 — Greenw. 


8 49 5 1 

- 

8 49 35 

0 16 — Stockh. 

OS. 2. 

9 35 4° 

- 

9 35 26 

0 14 — Greenw. 


9 35 56 

- 

9 35 45 

0 11 — Chiflebu 

11. 

6 2 33 

- 

6 2 39 

06+ Greenw. 


6 3 16 

- 

6 2 58 

0 18 — Chifleh# 


7 13 21 

- 

7 12 47 

’0 34 — Tyrnav. 

Nov. 3. 

7 32 32 


7 S 2 12 

0 20 — Tyrnav. 

19. 

5 52 27 

- 

5 52 34 

0 7 + Stockh. 

1773. Mai. 12. 

i5 11 3° 

Im. 

15 12 1 

0 31 + Pekin. 

Jun. 9. 

* 14 57 33 

)M 

i4 57 i4 

0 19 — Greenw. 


i5 7 32 


15 6 32 

1 0 — Paris. CL 


15 28 20 

- 

15 27 55 

0 25 — Perinaklo* 

25- 

13 9 i7 

- 

13 i 8 43 

0 34 ■ — . Paris. O. # 
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the Diffsv&ncs of Longitude , See, 
Obfervationes comparatce primi fatellitis jovis. 


Ann. Temp. Obfervationis. Calculus. Diff. Calc. Obfervatc.-lui.; 


M. D. 

r f ff 


h > 

ff 

r ff 

1772. Jun. 25. 

13 40 9 

Im. 

13 4 ° 

8 

0 i — Perinaldo. 


14 20 1 

- 

14 19 

39 

0 22 — Tyrnav. 

27. 

15 22 £4 

- 

15 23 

10 

0 16 *f Pekin, 

Jul. 2. 

15 32 31 

- 

15 3 2 

27 

0 4 — Perlnaldo, 

11. 

u 22 34 

- 

11 22 

33 

0 1 — Greenw, 


11 22 34 

- 

11 22 

52 

0 18 -f Ghiflehurft. 


11 31 3 s 

- 

11 3 1 

49 

O 11 + Paris. O. 


11 3 1 57 

- 

11 31 

5 i 

0 6 — Paris, Cl. 


12 32 25 

- 

12 32 

45 

0 20 + Tyrnav. 

18. 

13 25 10 

- 

13 2 5 

4 

0 6 — Paris. O, 


14 25 4 i 

- 

14 25 

59 

0 18 + Tyrnav. 

27. 

9 38 2 

- 

9 38 

25 

O 23 + Chiflehurfl. 


9 47 28 

- 

9 47 

24 

0 4 — Paris. CL . 


11 39 6 


11 39 

20 

O 14 4- Peterfb. 

Aug. 3. 

11 32 48 

- 

” 33 

2 

0 14 + Chiflehurfl. 


13 33 40 

- 

13 33 

57 

0 17 + Peterfb. 

10. 

13.35 46 

- 

i 3 37 

10 

0 24 4 Paris. O. 


13 37 11 

- 

13 37 

12 

0 1 4 * Paris, CL 


15 28 26 

- 

15 29 

8 

0 42 4* Peterfb. 

21. 

14 23 21 

Em* 

14 22 

41 

0 40 — Pekin, 

26. 

14 4 22 


14 .4 

18 

0 4 — Greenw* 

. 28. 

9 26 ss 

- 

9 2 7 

20 

0 25 4 Berlin* 


.9 44 S 

- 

9 43 

5 a 

0 13 — Tyrnav. 

30 . 

10 48 44 

- 

10 48 

3 i 

0 13 — Pekin. 

-Sept. 4. 

11 23 38 

- 

11- 2.3 

26 

012 — Lund, 


11 23 50 

- 

11 24 

21 

0 29 4 - Berlin. 


•11 41 ii 

- 

11 40 

53 - 

, 0 18 — Tyrnav. 

8 . 

7 IS 19 

- 

7 14 

59 

0 20 — Pekin. 

* 3 * 

8 9 44 

- 

8 9 

38 

0 6 — Stockholm# 

15. 

9 12 7 

r-« 

9 12 

29 

042 + Ppkin. 


9 47 54 

- 

9 47 

49 

0 5 — Lund. 
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Obfervationes comparatae primi fatellitis Jovis. 


Anni. Temp* Obfervationis. 

Calculus. 

Drff. Calc. Obfervatorium, 

M. D. 

h t n 

h ' " 

f tr 

1772. Sept. 20. 

10 6 56 

Em. 10 7- 16 • 

0 20+ Stockh*. 

22. 

11 9 47 

11 10 6 

0 19 + Pekin* 

27. 

20 52 31 

xo 52 47 

0 16 + Greenw. 


12 2 52 

- 12 3 18 

0 26 + Upfala. 


12 4 45 

- 12 4 5 8 ' 

0 13 + Stockh* 

Oft, 4. 

12 50 41 

12 50 41 

O ' 0 ChiflehurfL 

6. 

? 28 53 

- 7 29 6 

0 13 + Paris. O* 


8 13 17 

8 13 30 

0 *13 4- Berlin. 


8 30 12 

- 8 30 2 

0 10 — Tyrnav. 

13 * 

9 16 49 

9 *7 i 3 

0 24 + Greenw. 


9 *7 13 

9 17 32 

0 19 + ChiflehurfL 


10 9 40 

- 10 9 58 

0 18 + Lund. 

* 

xo 10 13 

- 1° 10 S 3 

0 40 *+* Berlin. 


jo 27 31 

- 10 27 25 

o 6 — Tyrnav. 

* 7 * 

6 x 36 

— 6 1 26 

0 10 — Pekin.'* 

20. 

.“ *3 59 

- (f ii 14 11 

0 12 + Greenw. 


11 14 32 

- n 14 3 ° 

0 2 — ChiflehurfL 

22. 

6 36 57 

- 6 36 59 

02+ Berlin. 


6 53 28 

6 53 31 

03+ Tyrnav. 

24. 

7 5 8 20 

- 7 58 10 

0 10 — Pekin. 

29. 

8 50 14 

8 49 55 

0 19 + Tyrnav. 

3 *- 

9 54 21 

9 54 25 

0 4 •+“ Pekin. 

Nov. 9. 

6 19 6 

- 6 18 51 

0 15 — Pekin. 

14. 

5 59 28 

5 59 23 

0 5 — Greenw* 

16. 

8 J 3 54 

~ 8 13 37 

017 — Pekin. 

Dec. 2. 

6 29 46 

- 6 29 41 

0 5 — Pekin. 

9 * 

8 23 12 

- 8 22 37 

0 35 — Pekin. 

23. 

5 15 3 

- 5 14 39 

0 24 — Lund. 


5 »5 5 i 

5 J 5 34 

017 — Berlin. 

25. 

6 36 12 

~ . 6 35 36 

o> 36 — Pekin. 

j773.Mai.29. 

15 x8 46 

Im, .15 18 4 

0 42 — Perinaldo. <L 
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the Difference of Longitude, Zee. 181 


Obfervationes comparatse primi fatellitis Jovis. 


Ann. Temp, Obfervatiorris. 


Calculus. 

DifF. Calc. Obfervatorram* 

M. D. 

h t H 


h / " 

/ it 

1773* J 4- 

14 10 37 

Im. 

14 10 45 

0 8 + Tymav. 

16. 

iS 14 *7 

- 

15 i4 13 

0 4 — Pekin. 

21. 

IS i 6 43 


15 16 58 

0 15 + Geneve, 

Jui. 7. 

13 35 59 

- 

13 36 23 

O 24 + Perinaldo. 

14. 

IS 28 55 

- 

iS 28 45. 

0 10 — Perinaldo. 

16. 

11 27 8 

— 

11 27 40 

0,3a + Peterfburg. 

23- 

11 19 22 

- 

11 19 42 

0 20 + Green w. 


ix- 50 22 

- 

11 5° i? 

Q 5 — Perinaldo. ■ 

30. 

13 44 28. 

- 

13 44 6 

0 22 — Perinaldo. 


15 ■ 14 40 

■ - 

15 14 45 

0 5 + Peterfhurg. , 

Aug. 6. 

IS 17 3° 

- 

is 17 13 

0 17 — Paris. CL 


is 17 36 

- 

IS 17 Il- 

0 25 — Paris. O. 


is 32 20 


ls 32 10 

0 10 — Geneve. . 

8. 

10 0 42 

- 

10 0 53. 

a 11 + . Geneve. 


i9 7 iS 

- 

i° 7 13 

0 2 — Perinaldo. 


10 48 41 

- 

10 48 49 . 

0 8 + Stockholm^ , 


11 37 37 

- 

11 37 S 2 

0 15 + Peterfb. 

1 S' 

11 41 5 ■ 

- 

11 40 47 

0 18 — Paris, Cl. 


11 55 5$ 

- 

11 55 44 

0 14 — Geneve, 


12 41 23 

- 

12 41 41 

c 18 + *Tyrnav. . 


_ 13 32 5 8 

- 

13 32 43 , 

0.15 — Peterlburg* , 

22. 

13 26 14 

- 

13 27 3 

0,49 + Greenw. d* . 


15 28 20 

~ 

IS 28 17 - 

O 3 — Peterfb. 

24. 

9 8 24. 

- 

9 818 

o ,6 — Stockholm* 


15 41 22 

- 

15 4 i 46. 

0 24 + Pekin. 

26. - 

10. 10 31 

- 

10 10 40 

094- Pekin. 

29.-. 

iS 3 2 4 i. 

— 

IS 32 25 

0 16 — Paris. CL 


15 47 40. 

-* 

H 47 22 

018 — Geneve. 


iS 53 49 

- 

15 53 42 

0 7 — Perinaldo, * 

3** 

9 5 i 57 

- 

9 52 12 

0 15 + Greenw. 


10 22 16 

-* 

10 22 47 

0 31 4* Perinaldo. 
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Obiervationes comparatae primi fatelli'tis Jovis. 


Ann. 


Temp. Obfervationis. 


Calculus, 

D 1 C Calc, Obfcrvatoriiu: 

M. D. 

h / /A 


h t it 

/ tr 

• Aug. 31. 

II 2 7 

Im, 

II 2 24 

0 17. + Tyrnav. 

Sept, 7. 

12 18 35 

- 

12 19 II 

0 36 + Perinaldc. 

9 * 

14 2 56 

- 

14 3 27 

0 31 4* Pekin, 

14. 

14 9 8 

- 

14 9 36 

0 28 + Geneve, 


15 46 14 

- 

15 46 35 

0 21 + , Peterlburg, 

16. 

9 27 0 

- 

9 27 8 

0 8+ Stockholm, 

2 5 * 

12 26 a 7 

- 

12 26 27 

0 20 4 Pekin. 

27. 

9 6 28 

Em, 

9 6 30 

0 2 + Pekin, 

•'Oft. 2. 

9 5 S 55 

- 

9 5 s 4 1 

0 14 — Tyrnav, 


.10 49 49 

- 

10 49 43 

.06 — Peterfburg, 


16 33 55 

- 

16 34 8 

0 13 + Pekin. 

9. 

10 44 40 

- 

10 45 13 

0 33 + Greenw. 


12 46 30 

- 

12 46 27 

0 3 — Peterfburg, 

II. 

7 i 5 3 ° 

- 

7 *5 3 6 

0 6 4 “ Peterfb* 


12 59 19 

- 

13 0 1 

0 42 + Pekin. 

x 3 - 

7 28 57 

- 

7 29 12 

.0 15 + Pekin. 

16, 

12 50 34 

- 

12 51 2 

0 28 4 " Paris. Cl. 


I 3 12 37 

- 

13 12 19 

0 18 — Perinaldo, 

18. 

7 19 48 

- 

7 20 5 

0174- Paris. CL 

* 

7 ' 4 1 33 

- 

7 41 22 

Q 11 — Perinaldo 0 


8 20 .52 


8 20 59 

074- Tyrnav. 


9 2 5 6 

- 

9 25 33 

0 27 +, Pekin. 

^ 5 * 

9 6 12 

- 

•9 6 50 

0 38 4 “ Greenw. 


9 *5 35 

- 

9 16 8 

0 33 4- Paris, CL 


•9 x 5 49 


9 16 6 

0 17 4* Paris. O. 


9 37 1 

- 

9 37 3 1 

0 3 0 4 - Perinaldo, 


10 17 19 


Jo 17 21 

.0 24* Upfala* 


10 18 43 

- 

- 30 19 1 

:o 18 4 " Stockholm, 

27* 

11 20 54 

- 

ji 21 27 

0 33 + Pekin. 

29* 

■ 5 49 54 


5 5 ° 20 

0 26 4 " Pekin, 

’Nov, 1* 

11 2 10 

- 

11 2 25 

0 15 4- Greenw. 


Obfemtiones 



the Difference of Longitude , &c. 1 8 ^ 


Obfervationes comparatse primi fatellitis Jovis. 


Temp, Obfervarioais. 


Calculus. 

Diff. Calc, Obfervatorium 

M. D. 

h ' " 


h f rr 

/ rr 

Nov. i. 

II II 49 

Em, 

II II 43 

0 6 — Paris. CL 


11 33 2 4 

- 

11 33 0 

0 24 — Perinaldo. 

o‘ 

6 23 58 

- 

6 23 58 

0 0 Lund. 

26. 

6 12 30 

- 

6 13 3 

0 33 + Perinaldo* 


6 35 2 

- 

6 35 13 

0114- Lund. 


6 52 57 

- 

6 52 59 

02+ Upfala. 


6 54 45 

- 

6 54 39 

0 6 — Stock h. 


7 44 4 

- 

7 43 42 

0 22 — Peterfburg* , 

Dec, 3, 

8 46 25 

- 

8 46 5 

0 20 — Upfala. 


8 47 58 

- 

8 47 45 

0 13 — Stockh. 

ID. 

9 27 59 

- 

9 28 15 

0 16 + Greemw 

19. 

6 59 *5 


6 59 11 

0 4 — Tyrnav. 

, Jan. 2. 

9 42 59 

- * 

9 42 55 

0 4 — Paris. CL 

4. 

5 *2 7 


5 12 4 

0 3 — Tyrnav, 

11. 

6 4 24 

- 

6 4 10 

0 14 — < Paris. CL 


772 

- 

7 7 3 

0 1 + Stockh. 

18, 

7 48 22 

- 

7 48 20 

0 2 — Greemv* 

, Feb. 3. 

6 *5 33 

- 

6 15 8 

0 25 ■ — Paris, CL 


7 16 17 

- 

7 16 21 

0 4 + Upfala. 


7 18 10 

- 

7181 

0 9 — Stockh. 

19. 

5 38 58 

- 

5 3 s 4i 

017 — Stockh. 

26. 

6 23 29 

- 

6 23 14 

0 15 — . Green w. 

Aug, 4. 

12 32 38 

Im. 

12 32 16 

0 22 — Tyrnav. ‘ 


12 32 51 

- 

12 32 35 

0 16 — Upfala. 


12 34 42 

- 

12 34 15 

0 27 — .Stockh. 


13 23 17 

- 

13 23 18 

0 1 + Petersburg* . 

18, 

15 21 15 


15 21 3 

012 — Paris, CL 

20, 

10 51 IO 

- 

10 51 6 

0 4 — Upfala, * 


53 9 


10 52 46 

0 23 — Stockh. 

27. 

12 46 32 

- 

12 46 44 

0 12 + Upfala. 

: Sept. 3, 

14 '25 0 

- 

14 24 48 

0 12 — .Lund. 


Obfervationes 
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Obfervationes comparatse primi fatellitis Jovis. # 


Ann, Temp* Obfervationis 


Calculus. 

Diff. Calc. Obfervatorimn. 

M. D. 

h ' " 


h ' U 

/ // 

1)74. Sept. 3. 

X4 42 21 

Im. 

•14 42 '15 

0 6 — Tyrnav. 


15 33 29 

- 

15 33 l 1 

012 — Peterfburg* 

'10. 

15 28 31 

- 

15 28 7 

0 24 — Greernv. 


16 38 28 

- 

•i6 38 19 

0.9- — Tyrnav, 

p2. 

9 57 i4 

- 

9 57 13 

0 1 — Greernv. 


11 9 46 

- 

11 9 24 

0 22 — Stockh. 


11 58 36 

- 

11 58 27 

0 9 — Peterfb. 

21. 

8 23 43 

- 

8 23 43 

0 0 Peterfb, 

26. 

13 49 53 

- 

>13 49 40 

0 13 — Greenwv 


*3 59 42 

- 

*3 58 58 

0 44 — * Paris. CL 

Oft. 3. 

15 46 19 

- 

15 45 47 

0 32 — Greenw, 


15 '55 45 

- 

J 5 55 5 

0 40 — Paris. CL 


16 58 31 

- 

■16 57 58 

0 ,33 — Stockh. 

5- 

10 24 45 

- 

10 24 8 

° 37 — Paris. CL 


11 25 9 

- 

‘ii 25 2 

0 7 — Tyrnav. 


11 26 59 

- 

11 27 1 

0 2 + Stockh*. d* 


12 16 5 

- 

12 16 4 

0 1 — Peterfb* 

10. 

17 41 57 

- 

•17 4i 43 

0*14— Greernv. 

12. 

12 20 25 

- 

•12 20 0 

0 25 *— Paris. CL 

-14. 

7 50 7 

- 

7 50 6 

0 1 — Upfala. 


7 52 0 

- 

7 5 1 46 

0 • 14 — Stockh. 

19. 

14 16 20 

- 

14 15 32 

0 48 — Paris, CL 

21. 

8 .35 0 

- 

8 35 3 

0 34- Greernv. 


8 44 47 

- 

8 44 21 

0 26 — Paris. CL 

a6. 

16 i 23 

- 

l6 I 26 

0 3 4* Greenw* 

30. 

6 .10 47 

- 

6 10 59 

0 12 4* Stockh. 

.■Nov. 1 x. 

1719 3 

Em* 

17 18 53 

0 10 — Lnnd, 

I 3* 

12 5 2 

- 

12 4 39 

*0 23 — Tyrnav. 

I 5* 

6 *5 39 

- 

6 15 36 

0 3 — Lnnd. 


6 -34 34 

- 

■6 35 2 

0 28 4“ Stockh. 

.20. 

12 56 42 


12 57 3 

0 21 4* Paris. CL 


Obfervationes 
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Dljj'eyence of Longitude, See. 


1 8 


Obfervationes comparatse primi Hitellitis Jovis, 


Ana. Temp. Ob: 

[brvationU. 


Calculus* 

Diff. Calc. ObArvatab;. -■ 

M. D. 

h f if 


h / ft 

t if 

1774. Not. 22. 

3 2,7 22 

Em. 

B 28 10 

0 48 *f Stock! . 

Dec. 6, 

11 9 25 

- 

1 1 10 7 

0 42 4™ Park. Cm 


12 1 1 9 

- 

12 12 I 

0 8 — Tyrnav, 

24. 

4 52 2 5 

- 

4 47 

0 22 + Stock h* 

29. 

II 3 48 

- 

11 4 32 

0 44 + Green?., 


12 14 15 

- 

*2 *S 3 

0 4^ "T" Up^a. 


12 l6 12 

- 

12 16 43 

0 32 4 Stock?) 

3*- 

6 25 S 

- 

6 25 17 

0 12+ Lund, 

1775. Jan. 23. 

& 48 55 

- 

6 49 43 

0 48 4. Tyrnav,, 

Feb. 15* 

5 53 2 

- 

5 53 32 

0 30 4 Green w* 

22» 

7 49 37 

- 

7 49 59 

0 22 + Greenvc. 


8 42 39 

- 

8 42 44 

0 5 + Lund. 


906 

- 

9 0 1 1 

05+ Tyrnav, 


9 1 55 

- 

9 2 10 

0 15 4 Stockh. 

Mart. 10. 

7 23 5 * 

- 

7 23 53 

0 24 Tyrnav, 

17. 

8 11 7 

- 

8 11 21 

0 14 4 Greemv, 

Jul. is- 

14 42 36 

Im. 

14 42 14 

0 22 — Greemv* 

24. 

13 5 4 ° 

- 

13 5 46 

064 Peterfb. 

Aug. 7. 

*4 53 55 

- 

14 S3 26. 

0 29 — Greenwo 

16 . 

13 18 25 

- 

13 18 29 

0 44 Peterfb, 

Sept. 1. 

11 38 30 

- 

11 38 45 

0 15 4 Peterfb. 

* 5 - 

*5 3 i 7 


i 5 3 ° 54 

013 — Peterfb, 

24. 

11 6 50 

*»■* 

it 6 56 

0 64 Stockh. 

Oft. 1. 

11 5 ° 3 

- 

11 50 36 

0 33 4 Green v;. 


x 3 3 2 


13 2 47 

0 15 — Stockh, 

10. 

9 2 7 23 

- 

9 27 20 

0 3 — • Stockh. 

22. 

17 37 * 

- 

17 25 

0 36 — Greemv. 

Nov. 2. 

8 27 48 

- 

8 27 35 

0 13 — Greemv. 

18. 

7 54 22 

~ 

7 54 5 

0 17 — Stockh. 

Dec. 11. 

10 6 5 

Em, 

10 6 34 

■ 0 29 4 Stockh. 

20. 

6 23 33 

- 

6 2 3 37 

0 4 + Upfala, 

Vot, LXXVII. 
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Obfervationes comparatse primi fatellitis Jovis. 


Ann. Temp. 

Obfervationis 


Calculus. 

DifF. Calc. Obfemtorimn, 

M. D. 

h / !' 


h / ff 

r n 

1775. Dec. 20. 

6 24 55 

Era, 

6 25 17 

0 22 + Stockli. 

27. 

736 

- 

7 4 9 

1 3 + Greeaw. 


8 15 17 


8 16 20 

1 3 + Stockh. 

1776. Jan. 12, 

6 26 48 

- 

6 27 22 

Q 34 -4 Stockh, 

19. 

8 19 7 

- 

8 19 51 

0 44 -f Stockh.. 

26 . 

10 12 15 

- 

xo 13 7 

0 52 4 Stockh. 

28. 

4 4 ° 5 i 

- 

4 4 i 3 2 

0 41 + Stockh* 

Dtfbr. 2. 

12 6 20 

- 

12 7 7 

0 47 4* Stockh* 

27/ 

6 5 1 5 

*** 

6 5 ? 33 

0 28 4 Stockh* 
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XIV. A Method of finding the Value of an infinite Serie . ; cj 
decreafing Quantities of a certain Form , zvhen it con- 
verges too Jlozvly to be fit mined in the common Way by 
the mere Computation and Addition or Subtraction of 
fome of its initial V inns. By Francis Maferes, Ef quire , 
F. R. S. Curfitor Baron of the Exchequer. 


Read Feb. 13, A RTICLE Iff Let a, b, c, d, e,fg, h, &c. 

1 Cl- JTX. a £ infinitum, reprefent a decreafing pro- 
greflion of numbers, fo that b fliall be lefs than a , and 
c than by and d than c, and fo on of the following num- 
bers, ad infinitum. 

And adly, let thefe numbers be fo related to each 
other, that they not only fhall form a decreafing progref- 
fion themfelves, but that their differences, a-b, b-Cy 
c—dy d—8y e-fyf—gyg-hy &c. fliall alfo form a decreafing 
progreffion, fo that b—c fliall be lefs than a-b, and c-d 
than b-Cy and d-e than c-dy and fo on of the following- 
differences; and likewife, that the differences of thefe, 
differences (which may be called the fecond differences of 
the original numbers a, b, c, d y e, f, g, h } &c, fliall form 
a decreafing progreffion ; and that the differences of thofe 
fecond differences, or the third differences of the original 

B b i numbers 
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numbers a, h, c, d, e, /, £•, i?, 80c. fhall alfo form a. de- 
creating progreffion; and in like manner, that the dif- 
ferences of the faid third differences, or the fourth dif- 
ferences, of the original numbers a , b, c, d, e,f y g , h, Sec. 
and the fifth and fixth differences, and all higher differ- 
ences, of the fame numbers, fhall alfo form decreafing 
progreffions. 

And 3.dly, let x, be a quantity of any magnitude not 
greater than unity. 

Upon thefe fuppofitions the value of the infinite feries 
a~*bx+cxx-~dcd+ex A -fx> +gx^—hx 1 + &c. (in which the 
fecond, fourth, fixth, and eighth,, and every following 
even term, is marked with the. fign - , or is to be fub- 
tradted from that which immediately precedes it) may be 
determined in the following manner.. 

Art. a. Compute the firft, fecond, third, fourth* 
and other fnbfequent differences of the cor-efficients of' 
the powers of x in this feries, that is,, of the numbers 
b, c, d, e, f y g h, &c. as. far as fhall be convenient,. Thefe. 
differences will be as follows. 

Firft differences, J— e, c—d y d~e, e—f, f~g, g — h , &c. 

Second differences, 

c-j-rz=i 1 , &«. 

or, b—sc-hd, c — 2 d -f- <?, d—ze-\rf y e— 2 f+g } f—zg + b, &c. 

Third differences, 

$-r-2£ + d— (TTsf/TA c—zd+e — (.1 — 2 t’-i- fY, d — a e -\.f - — - fl, 

ff— ig + h\> Ac. 

or. 
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er> b— 3 e + 3 d—e, c— 3 d+ 3 e—f, rf— 3 e+ 3 f— it *— 3 f+ 3 g ~h, $cc. 
Fourth, differences; h — 3^4 — e — jr— 3^4 3V--/], 

3 3 *—f—U- 3 e + 3 /— 

a— 3 # -f 3 f—g— i-— 3 ' + 3^ — A) , &c. 
or, f— 4^ + 6i— 4«+/, c— 4^+6^— 4/+^, a'— 4^ + 6/— 4^4- &c.. 
iTifth differences, b — 4c-i-6i — 4 £+/ — k — 4^4-6* — 4/+^|, 

c— 44+ 6 e— 4 f+g— li—At'i 4- 6 /— 4i - + , & c . 
or, b — 5t+ 10^—10^4-5/—^, c. — 5^-f io* — 10/4-5^ — b, &c. 

Sixth differences-, 

b— $c+lod—lOe + $f— g— fr— 5^4- IO-— 10/+ 5^— /j\, &c. 
or, £— 6c4-i5af— 20^4- 15/— 6^4-^, &c. 

Let the firft difference of the firft order, to wit,, 
h~ c, be called d 1 ;, 

and the firft. difference of the feeond order, to wit.. 
h—2c+d, be called d 11 ;. 

and the firft difference of the third order, to wit, 
£—3^4-3 d-e, be called D m ; 

and the firft difference of the fourth order,, to wit, 
b— 40+ 6 ^—4 e+f 9 be called d iv ; 
and the firft difference of the fifth order,, to wit, 
5 c+io.d~ioe+ 5/-/-, be called d v ;. 
and the firft, difference of the fixth order, to wit„ 
h-6c+i$ d— 20 1 5/- 6g+h, be called d vi ; 
and in like manner let the firft differences of the feventh, 
eighth, ninth,, and : . tenth,, and every following order of ' 
differences be denoted by d™, d viu , d ix ,.d x , &c. that is,, 
by the capital letter d, with a Roman, numeral figure^ 

annexed? 

$1! 



igo . Mr. maseres’s Method' of 

annexed to it, exprefling the order of differences to 

which it belongs. 




Thefe things being fuppofed, the aforefaid infinite ft 
lies a~bx j rcxx—dx' i +ex*—fx'+gx e —bx° + Sec. will be 
equal to the following differential feries, to wit, 

bx X) T XX D Ir ;t ? 3 D 1 * 1 * 4 D 1 v .T 5 D V X 6 D VI # 7 * 

'TT^~T+f I ~T+f*~7W~TT^~ i+T 7 

i 

in which feries all the terms after the firft term a are 
marked with the fign or are to be fubtradted from 
that term. 

Art. 3. If we infert the differences themfelves inftead 
of d 1 , D n , D nr , D IV , d v , Sec. in the foregoing differential 
feries (which it may perhaps fometimes be convenient 

to do) that feries will be as follows : a- 


bx 


l+X 


■\b- 


XX 


•Cx 


1 -f *Y 


■ d~~2 ~c+dx ■=d-_- jb^c+^d^e x dk=r- + 
i+d i + 

— {b—^c+dd—^e+fx d=r - 

I -f-;d 

- dr-$c+i od~ i o g+ sf-gx =4* 

I +x\ 


-lb- 6 r+ 1 5 d- 20 £+ 1 $f-6g+bx~- & c . a j infini- 
tum. 


Of the convergence of the foregoing differential feries. 

Art. 4. The foregoing differential feries will always 
.converge with a confiderable degree of fwiftnefs, fo 

that 
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finding the Value of an infinite Series \ See. 
that fix or eight of its terms will give the value or 
the whole (and confequently that of the original feries 
a-hx+cxx-dx 3 +ex*—fx s +gx f '~bx lj r &x. to which it 
is equal) exact to feveral places of figures, even in the 
raoft difficult cafes : for if x is = i (which is its greateft 
pofiible magnitude) i+x will he =. i + 1 or 2, and confe- 
quently 1 +x 1% r+2 3 > 1 1 +wl 5 , and the following 

powers of i+x 9 will be equal to 4, 8, 16, 3 2, and the 
following powers of 2 ; and the powers of the fraction 


I -f 


- will be equal to- the powers of Therefore the feries 


a- 


hx 


D' T XX 




n'”* + DIV * 5 DV*' ( 


D VI X 7 


i +* 1 + ■*!" i + 


& D* D” 

m this cafe be = to a— - - - — g- 


■ X* 

3D IrI D IV 


I+A l " I + h’ I -J- at) J 


'ScC.will 


16 


D* D V 'I 
64 128 


the terms of which decreafe in a greater proportion than 
that of 1 to- 2, becaufe the numerators a, b, d 1 , d 11 , d ui ,. 
d iv , d v , d vi , &c. form a decreafing progreffion, and the 
denominators increafe in the proportion, of 2 to 1. 


Of the invefiigation of the foregoing differential feries . 


Art. 5 . The foregoing differential feries was inveffcir 
gated by firft,. fuppofing the original feries a-hx+cxx 
-dx^+e x*^-fx s +g x e -bx 1 + See., to be equal to another 
feries. whofe. terms ffiould involve the' fame powers of x 
as the former, but in which every power of x fhould be- 

multiplied! 
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multiplied into the fame power of the fra£tion p— , in 
order to accelerate their convergency, and then inquiring 
what would be the co-efficients of the terms of fuch a 
feries, if fuch a feri.es is pomble, and what would be the 
figns to be prefixed to them, or in what manner they 
would be connected with the firft term, whether by ad- 
dition or fubtrattion. In order to this inquiry, I denoted 
the unknown co-efficients of the affirmed feries by the 
capital letters ?, eg, n, s, t, v, &c. and wrote down the 
terms of it near each other, without prefixing to them 
either of the figns + and but feparated them from 
each other only by a comma ; fo that the fundamental 
equation, from which I derived the differential feries 
above-mentioned, was as follows: a-bx+cxx-dx^+cx* 

/ c , » _ . Q X R XX SAT S TX* 

x>+gx-ax + Sec. is = p, ■=—,? •==•,> — -a* 

P==p> Sec. By neceffary deductions from this equation 

it appeared that p would be equal to a; and that all 
the following terms, of the affirmed feries, to wit, 

Qje %xx $x J tx 4 ' vx s 

T+jy 7 T+fi 1 ’ ifiyf 5 &c * muft be fubtra( ^ ed 
from the firft term p, or a; and that q_ would be equal to 

&~c } or d 1 ; and or b~zc+d y or D n ; and 

&-b~z c+d~ {e^fzdfe, or or D m ; and 

T=5 
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T-b~4c+6d-4.e+f t or d iv ; and v -b - §c+iod~i6 e 
+ Sf-g, or d v ; and fo on of the following co-efficients, 
to wit, that every new co-efficient of the affirmed feries 
is equal to the firft difference of the next order of the 
differences derived from the original co-efficients 
b, c, d, e, f g, b, See. And from hence I concluded that 
the feries a — bx + cxx-dx*+ex*—fx s +gx 6 — bx 1 + &c. 
was equal to the feries, 

bx D'** D 11 * 3 D 111 * 4 D IV * S Dv X s D vt x 7 

1 +* i -f y 3 1 4- ffT ‘ I+ 1 ’ i-j-.vi 7 

Art. 6. The thought of fuppofmg the original feries 
a-bx+cxx-dx^+ex^-fx'+Zz-c. to be equal to the feries 

OX RXX SX 3 T X A VX 5 . . 

P > nr’ r+rf’ TrOy’ r+n-’ 7+ TP’ &c< contamm g the 

powers of a" multiplied into the fame powers of the 

fraction yqq in order to accelerate their convergency, 
occurred to me in confequence of reading the late Mr. 
thomas simpson’s Mathematical Diflerfations, p. 62, 
63. concerning the fummation of feriefes, in which he 
makes a fuppofition of a fimilar kind. Yet there feems 
to be a conliderable difference between his propolition 
and that which is the fubjedt of thefe pages ; for he feems 
to fuppofe his quantities p, q, r, s, /, 8ec. (which anfwer 
to a, b, c, d, e, &c. in the notation made ufe of in the 
above feriefes) to form an in creating progreffion of 
terms, and accordingly fubtra&s p from q, and q from r, 

Vox, LXVII. C c and 
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and r from.x, and j from t, and fo on; and he feems alfo- 
to fuppofe the differences q-p , r—q, s-r, t-s , 8cc. to 
form an increafing progreffion, and every fubfequent 
order of differences to form likewife an increafing pro- 
greffion, and accordingly fubtracfs q-p from r—q , and 
r—q from s-r, and s-r from t-s, and fo on; whereas in 
the foregoing feries a—bx+cxx-dx z +ex^-fx ij cgx k —b t x 1 
+ 8cc. the numbers a, b, c, d, e, f g, h , 8zc. are fuppofed. 
to form a decreafing progreffion of terms, as they are 
moft commonly found to do in the feriefes that occur in 
the folution of mathematical or philofophical problems* 

fxampks of the ufefulnefs of the foregoing differential fe- 
ries in finding the values of infinite feriefes whofe terms 
decreafe very flozvly. 

Computations of the lengths of circular arcs by means of 
infinite feriefes derived from their tangents. 

Art. 7. It is well known, that if r be put for the 
radius of a circle, and t for the tangent of any arch in it 
that is not greater than 45 the magnitude of the arch 

whole tangent is t will be expreffed by the infinite feries- 
a fS f7 f r s 

3rr"^5r + J r b ^"9 r a Hr 10 1 i^r 11 i$r‘' y Tlhisfc— 

fits converges with great fwiftnefc when the tangent is 
1 much 
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much lefs than the radius; but when the tengent is 
nearly equal to the radius, it converges exceeding dbviy ; 
and when it is quite equal to the radius, or the arch is 
equal to 45 the decreafe of the terms is fo how as to 
make the computation of it in the common way, by com- 
puting the value of its initial terms, absolutely impracti- 
cable. For Sir isaac newton has ohferved concerning 

O 

tliis feries in that extreme cafe (which then becomes 


equal to r 


r r r r 

~~ ~~ “ ' f 


See.) and another 


r 

3^5 7 9 XI I 3 1 5 

feries that is almoft as flow as this, that to exhibit its 

value exaft to twenty decimal places of figures, there 
would be occafion for no lefs than five thoufand mil- 
lions of its terms, to compute which would take up 
above a thoufand years. See Sir Isaac newton’s fecond 
letter to Mr. oldenburgh, dated October 24, 1676, 
in the Commercium Epijlolicum , p. 1-59. In thefe 
cafes therefore it will be convenient to make ufe of 
fome artifice to difeover the value of the feries 


t 


r r 
— + 


t 7 t 9 

^ — 


+ &c.; and we 


;>•■ 5^ 7 ' gr° U r" 1 3 r“ i 5 r‘ + 

ihall find the application of the differential feries above- 
mentioned to be- a very proper artifice for' this purpofe. 
Art. In order to make this application, we muft con- 


fider the feries t- 


V v 

3 rr+ 5^" ■ 7 r ° ' 9 r ° 


t‘ a 


+ Sec. 


llr iv 1 3r li 15 r'* 

as being the product of the multiplication of t into the 

C c 2 feries 
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it t* 
3 rr 5 r * 




'Jr & + 9 /-° 


II r 
tt_ 

rr 


l 3 r 


i 5 r 


■+ &c. and 


muft fubftitute x inftead of — in the terms of this laft fe- 


ries, by which means it will be converted into the feries 

This feries is of 


X XX 

T + T 


-•5T 

1 


— 4 7 + 8 CC. 

11 13 15 


the fame form with the original feries above-mentioned, 
a-b x +C x x—dx 1 + e x*-f x s i-gx^-hx 1 * Sec. the numeral 
co-efficients 1, j, f, a, Sec. of the powers of a 

in the former feries anfwering to the literal or general 
co-efficients a, b, c, d, e> f, g, b, Sec. of the fame powers in 
the latter feries. Andthefe numeral co-efficients evidently 
form a decrealing progreffion, as the co-efficients a, b, c , 
d) fy gy h, 8 ec. are fuppofed to do; and we fhall find, 
upon examination, that the differences of thefe numeral 
co-efficients, of the feveral fucceffive orders, alfo confti- 
tute decrealing progreffions, as the feveral fucceffive or- 
ders of differences of the co-efficients a, b, c, d, <?, /, g, b, 
&c. are fuppofed to do. Confequently the feries 

+ ^_£ + £_fl . &c . w m be equal to the dif- 
ferendal feries 


a 


bx 


D 1 XX D UI X* Divx s 


DVJ # 7 


*+* iT3 4 mi 5 &c * if 

we fuppofe the letters a, b, c, d, e, f, g, b, &c. to be 
equal to the numbers 1, j, 1, A, ~, &c. and 
b 1 , n”, d ui , d iv , d v , d vi , &c. to be the firft differences of 
4 the 
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the feveral orders of differences of thofe numbers, be- 
ginning from the fecond term Now the values of 
thefe numbers, 1, }, j, -f, f, Sec. and of their 
differences of the feveral fucceffive orders, beginning 
from the fecond term }, will, when expreffed in decimal- 
fractions, be as follows : 


1 is = 1.000,000,000,000; 

T = *333,333>333>333; 

~ = .200,000,000,000; 

7 = .142,857,142,857; 

| = .111,111,111,111; 

f = .090,909,090,909; 

75 = -076,923,076,923; 

= .066,666,666,666. 

The differences of thefe numbers, beginning from the 
fecond term, -333,333,333,33, are as follows*. 


Firft differences. 

•133,333,333,333; 

.057,142,857,143; 

.031,746,031,746; 

.020,202,020,202; 

.013,986,013,986; 

.010,256,410,257; 

8cc. 


Second differences. 
.076,190,476,190; 
.025,396,825,397; 
.011,544,011,544; 
.006,216,006,216; 
.003,729,603,729; 
See. 


Thifd 
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Third differences. 

>050,793,650,793? 

.013,850,813,853; 

.005,308,005,308; 

.002,486,402,487; 

See. 


, Fourth differences, 

.036,940,836,940; 

.008,5 2f 4, 808,5^5? 

.002,841,602,841 ; 

See. 


Fifth differences. 

.028,416,028,415; 

.005,683,205,684; 

See. 


Sixth differences. 
.022,732,822,731; 
&c. 


Therefore d 1 is = -i 33,333,333,3331 

j> n =.076,190,476,190; 

D m = .050,793,650,793; 
d iv =.036,940,836,940; 

D v =.028,416,028,415; 

D VI = .022,732,822,731. 

Therefore the feries -~ + ~4+&c. is 

£ >> 7 9 11 *3 

equal to the feries 


1 ~ -333,333,2)33,333, *743 


sex 

- -I33>333)333>333) X “f. 


- .076,190,476,190, X 
~ -05^793)650,793, x 


- .036, 
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— .03 ^ x pq ^ |S 

- .Q28,4l6,028j4I5, X ^=Tg 

x 7 

~ .022,732,822,731, X ===p 


- &c. ; and confequently the product of this latter feries 
into the tangent t will be equal to the product of the 


n r . x xx x x x 

former feries 1-— +— — -+ -- — + 

3 5 7 9 11 1 3 J 5 


+ &c, into 


the fame quantity, that is, to the product of the feries 


_££ , { _ 

' 3 rr 5 r+ 


?+■ 


/ l0 f 
; + - 


Jr° <)r° iir AW ' 13 ^ I 5 r i+ 

gent or to the original feries 


+ See. into the. tan- 


r a 

•+- 


5+* 


5+: 


o rr j r 6 ‘ iir io ‘ I 3 r 12, I 5 r 14 


+ 8cc. which ex> 


preffes the magnitude of the arch of which t is the 


tangent. 


Computation - of an arch of 30 degrees.. 
tit. 9. Now let t be the tangent of 30% which is 

T A* *. * * W A* T 


- rx 


-jz" Then will tt be = — : and—, or x. = ~ , or- 

v'J 3 ? rr * ? 3 rr 7 3 


Therefore 1 +# will be = 1 -*4 = ? + 1 ^ r j and .-J will be. 

3 o 3 3 

1 

-=•-* Therefore will.be = -i, and 
4 . 4 j+n* vvai 3 


I - 3 '' 4 4 


r 4 > and rTJ‘=.i6> and . and = 4s > aad xT 

Confequently the. differential feries will in this. 


"64 
" *6384 
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cafe be equal to 

i - *333>333>333>333) * J 
~ -I33 ? 333 ? 333 5 333 } * ^ 

- .076,190,476,190, X ^ 

- .050,793,650,793, X ^ 

- .036,940,836,940, X ~ 

- .028,416,028,415, X 

- .022,732,822,731, X 7^g- 4 

— Sec, = 1 — .083,333,333,333, 

- *008,333,333,333, 

- .001,190,476,190, 

- .000,198,412,698, 

- .000,036,075,036, 

- .000,006,937,506, 

- .000,001,387,501, 

- &c. 


— 1 — .093,099,955,597, - 0.906,900,044,403. 

Therefore the feries 1- s + J-f*£-n + ^ + &E. or 

u , <* f 10 , i !1 , n .... 

&c. is 111 this cafe 

= 0.906,900,044,403, or (neglecting the latter figures 
after the fixth place of figures, becaufe we are fure they 


are 



aox 
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are not exa< 5 i) 0.9065900, Therefore the produdt of the 


feries I 3 r r ‘ 5 r 4 7 r 6 1 9 r 8 


r 8 

- 4 -. 


Ilf 


;** 


f 4 


;+ Sec, Into the 


X3r 12 i5r 14 

tangent if is equal to 0.906,900, x t= 0.906,900 xrx 


1 

^3 


= 0.906,900, x r x 


1.732,050,8 


0.906,900 X r 


x .577,350,2 = 0.523,598,8 x r; that is, the feries 


v f 

— +— 


f r> 

J- — a 

7 r° 9 r 


r 1 r 3 

nr* 3 ' I3r 1: 


15 r 


.>4 


+ 8ec. (which ex- 
preffes the magnitude of the arch of which t is the tan- 
gent) is in this cafe = 0.523,598,8 x r, or an arch of 30 * 
is equal to 0.523,598,8 x r. 

Art. 10. This value of an arch of 30° is exadt in the 
fix firft places of figures, and errs only an unit in the fe- 
venth figure, which fhould be a 7 inftead of an 8, the 
more exadt value of that arch being 0.523,598,775,598, 
See, And thus by the help of only eight terms of the 
differential feries 


a 


hx 


B *XX D I 7 X 3 D * 11 .* 4 D 7v D v * 6 


T>v*X 7 


i+x rnn 4 r*r 5 rrr 

have obtained the value of the feries 


Sec. we 


u t 5 

S rr 5 r* 7 rS 


+ I3 


#’5 


•f 


- l3r ,z I5r . 4 + &c. in the cafe of 


gr Ur 

an arch of 30 degrees, exact to fix places of figures. 
This degree of exadtnefs is the fame with that which we 
fhould attain by computing twelve terms of the feries 


r t 7 a t xi r* t ts 


+ 


M 


3 rr 5 f 4 *}' 9r b nr 10 l 3 r ** I S r 

appear from the following calculation, 
Vol. LXVIL D d 


■J- Sec. itfelf, as will 


Art, 
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Art. ti. The feries t - — + 


* U 

I'"”’ T~6 8 4 




^7 


1 5 3 


: + 




19 r J 


.4.. 


t ~ „is 4 2°r 2z 


21 r 


3 rr Sr 4 7r e 9r 8 

+ Sec. is = / x the feries 


** 


+ . — - 4 . 


+ * 




.16 


3 rr 5^ 7 r 6 gr s Hr 10 ijr 1 * 1 $^ iyr 


igr 


.is 


+ ■ 


21 r* 


23 r 

the feries 1 - 


+ See. -, in the cafe of an arch of 30°, to rx ~ into 
T - _ _ ^ 3 


5x3 


+ 


5 x 9 7 X27 ' 9 xSi 

1 1 


11x243 
1 


+ 


13 x 729 

15x2187 17x6561 i 9 xi 9 6S3 + 2 — ^“^ 77 7 T^ + &C. 

X ^Xthe feries i.ooo, 000,000,000, -MMMiliMis, 
+ 'Mhllhllhllli ~ £i7£37>g37,Q 37, 

7 • 

4. • Q ^2,345,679,°i2, .004,115,226,22 7. 

9 n ’ 

+ l 0Ol »37*?74 2 ;i*2 ? .000,457,247,370, 

! j 3 ~ r 5 ■ 

+ • 000 ? I 3 2 ?4i‘;.7qo-. .000,050,804, 262, • 

17 ~ hjT 

+ ^ 00 ; 01 6,9 35,08 7, __ .000,005,644,020 , 

21 23 ' 

+ &C. 


=rx — x the feries 

1 .000,000,000,000, - *1 11,1 1 1, 1 1 iji j i, 
+ .022,222,222, 222, -.005, 291,005,291, 
+ - OOI ,37i,74^ I i2, -.000,374,1 11,485, 

+ .000,105,518,624, - .000,030,483,158, 
+ .000,008,965,634, - .000,002,673,961, 
+ -000,000,806,432, - .000,000,245,436, 

+ &c. 


1 
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70- 1 1. 023, 709,25 5,0 24,- .116,809,630 
4 - Sec. 




= '** “*.906,899,624,582, 

= /x 77^5^ x -906,899,624,582, 

= /x .577»35 °j 2 x .906,899,624,582, = (if we neglect 
the fix latter figures of 906,899,624,582, which we 
know to be not exadt) r x .577,350,2 x 906,899, 
= r x .523,598,319,029,8 ; of which the firft fix fi- 
gures .523,598, are exact. 


Computation of an arch of 45 degrees. 

Art. 1 2. Now let the tangent t be equal to the radius 
r, or the arch (whofe magnitude is exprefied by the 


feries t- 






; + • 


7 + &c.) be an 


3r>- ' 5?‘ + Jr a ur*“ I3>-*- 15?-' 

arch of 45 °. This feries will, in this cafe, become equal 

:+ &c. of which the firft 


t0? '-I + 7 


r ^ r r r 

7 9 11 ’ 13 


eight terms will give the value of the whole exadt to 
only one figure, as will appear by the following com- 
putation. Thefe terms are equal to r x the eight terms 

1 - g~f + f~Ti + Tf~7~s » t ^ iat to r x ^ ie eight terms 

1.000,000,000,000, ->.333,333,333,333, 

+ .200,000,000,000, - .142,857,142,857, 

+ .1 1 1, 1 1 1, 1 1 1, 1 II,- .090,909,090,909, 

4- *076,923,076,923,- .0 66,666,666,666, 

D d 2 =? 
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= r x | iT 3 8 8 5 o 3 4, 1 8 7 , o 3 4, - . 6 3 3 , 7 6 6, 2 3 3 , 7 6 5 , 

=r x .754,2,67,943,2,69; which, agrees with the value 

of the whole feries &c. only in the 

higheft figure 7, the more exact value of that feries 
being •785,398,163,397, 8cc. But, if we compute eight 
terms of the differential feries which is equal to the 

feries r—Y+'j — we fhall thereby obtain 
its value exadt to three places of figures; which is as - 
great a degree of exactnefs as would be attained by 
computing about five hundred terms of the feries 

r ~l T + T — y + 'g~Ti + ' ^3~is + ^ c * The computation 

of the eight firff terms of the laid differential feries is as 
follows.. 

Art. 13. Since t is in this cafe = r, it. will be = rr, 
and confequently or. a 1 , will be = 1 . Therefore xx, x% 

x 4 , x 5 , and all the other powers of x, will in this cafe be 
equal to i f and i+x will be equal to 1+ 1,. or 2, and the 
powers of i+^to the powers of a. Therefore the frac- 
tion — and its powers will be equal in this cafe to the 

fradtion— and its powers. Therefore the, general differ- 
ential feries in art.. 8. to wit, 


1- 
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1 - *333?333>333?333? 

XX 

~ •I33j333?333j333> x 

- .076,190,476,190, x 

~ .050,793^50,793? X 

- .036,940,836,940, X =p 

* 6 

~ .02S, 416,028, 415, X 

„ X 7 

~ .022,732,822,73.1, X ~=p 
- 8 cc. will become in this cafe equal to 
1 - *333>333?333?333? * | 

- • I 33?333?333?333? * -f 

- .076,190,476,19a, X - g ' 

~ .050,793,650,793? x ~k 

~ .036,940,836,940, X p 

- .028,416,028,415, X 

- .0 2 2, 7 3 2, 8.2 2, 7 3.1 ,,X -Jg. 

— See. = 1 — ,166,666,666,666,, 

- .033,333,333,333,, 

- .009,523,809,523, 
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- .00.3,174,603,174, 

- .001,154,401,154, 

» O O O j fk, jOOOj ^ 1 

- .000,177,600,177, 

- 80C. 


I - .214,474,414,470, =.785,525,585,530. 


Therefore the feries i-.^ + t~7 + t“77 + 7;“‘7; + 8cc. or 

'3 5 7 9 . 11 I 3 I 5 


tt 


-+- 


i t 
— +- 


i 11 


3 r r 5 r + 7 r 6 9 r s 1 1 r 1 


Ijr* 1 i^r 1 


1+ See.- is equal to 


*785,525,585,530; and confequently the feries 


IL 

3 rr+ S r+ 


^ JL — 

7 1 9 


;+ 


1 1 r*° 13^ 


i3 r ' 


+ &c. is in this cafe 


^x.785, 525, 585,530, = ^ .785,525,5855530; that 
is, the length of an arch of 45 in a circle whofe ra- 
dius is r, is = r x .785,525,58 5,530; which number is 
true to three places of figures, the more exa£t value of 
that arch being r x .785,398,163,397, 8cc. 

Art. 14. It has been aborted in art. 12. that in 
order to obtain the value of the feries 


^ 3 rr "*"5 r * 


7 r 


xir 1 


— i J P' r * 8^c. exadt to 3 
places of decimal figures by the mere computation of its 
terms, in the cafe of an arch of 45 0 , we muft compute 
at leaft 500 of its terms. This may be proved in the 
following manner. The indexes of the powers of t in 
that feries are the odd numbers 1, 3, 5, 7, 9, 11,13, 1 5, 

&c. 



so 7 
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See. in their natural order; to which if we add an unit, 
the numbers thereby produced will be the even numbers 
2, 4, 6, 8, io, 12, 14, 16, Sec. in their natural order, 
which are the doubles of the natural numbers, 1, 2, 3, 
4, 5, 6, 7, Sec. Therefore the number of terms of that 
feries from the beginning of it to any given term in it, 
including the faid term, is always half the number that 
is produced by adding an unit to the index of t in the 

t 11 

faid term. Thus, if we take the term 77-pr, and add 1 to 
1 1, which is the index of the pow T er of t in it, the fum 
will be 1 2, the half of which is 6, which is the number 
of terms in the feries from the beginning of it to the 

t xx 

term ggp- a , including the faid term, that term being the 
iixth term in the feries. If therefore we take the term 

^999 

99 ~ 9 " T s ~ T > anc * are defirous of knowing its place in the fe- 
ries, or the number of terms from the beginning of the- 
feries to that term inclufively, we muft add 1 to the in- 
dex of the power of t in its numerator, which will in- 
creafe it to 1000 and half this fum, to wit, 500, will, 
be the number of terms from the beginning of the feries 

f 999 

to the term r inclufively or, in other words, this. 

term will be the 500th term of the feries. To arrive, 
therefore, at thofe terms of the feries- in which the in- 

. dexes 
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dexes of the powers of t are greater than 999, or 1000, 
or in which the numeral co-efficients of the terms 
(which, by the law of this feries, are equal to 1 divided 
by thefe indexes) are lefs than ^ or it is neceffiary 
to compute 500 of its terms. Now when t is = r, and 
confequently the literal parts of the terms of this feiies 
do not converge at all, it is evidently neceffary to carry 
the computation as far as thofe terms in which the nu- 
meral co-efficients of the terms are lefs than ~ or 
in order to get the value of the feries exact to the ~^th 
or -j-^th part of the radius r , or to the place of thou- 
fandths, or the third place of decimal figures. There- 
fore, when t is = r, or the arch is = 45 0 , it is neceffiary to 
compute atleaft 500 terms of the feries 


t- 



f p t n t 13 f 5 0 __ 

<jr 6 + gr 3 nr io+ l3r ,i i 5 r* + &CC '’ 


in or- 


der to obtain the value of it exa£t to three places of de- 
cimal figures, that Is, to the fame degree of exadtnefs to 
which we attained In art. 13. by computing only eight 
terms of the above-mentioned differential feries. E. D. 

Art. 15. But the heft way of applying the aforefaid 
differential feries to the inveftigation of the value of one 
of thefe very flow feriefes, is to compute a moderate 
number of the firft terms of the flow feries in the com- 
mon way, and then apply the differential feries to the 
3 computation 
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computation of its remaining terms. The advantage 
of this method of proceeding will be manifeft, if we 
apply it to the foregoing example of the feries 

t 3 t 5 f f t 11 t 13 t 1S 

t- * *^ c * * n t ^ ie ca fe of 

an arch of 45 

Compute therefore the firft twelve terms of this feries 
in the common way. Thefe terms will be as follows ; 


t 

_ r 

= r 

i 1 

_ r 3 

_ r 

$rr 

” 3 rr 

~7 

t s 

r 5 

^ r 

5 ?+ 

S '- 4 

“"7 

i 7 

r 7 

_ r 

V° 

“ 7 7-6 

"~T 

i 9 

_ rS 

^ r 

V* 

“ 9 r* 

~~7 

t" 

_ r 11 

- r 

Hr 10 

~ nr 10 

1 1 1 

f 13 

_ r 13 

r 

I 3 r« 

13^ 



r IS 

__ r 

*5 r ' 4 

i5r 14 

““7 

J 17 

_ r 17 

__ r 

Ijr 10 

17 r * 9 

~ 7 

t ts 

_ 7 ‘ 19 

^ r 


xpr ”* 5 

~~t 9 


r 2I 

r 

2 i r ' u ' 


21 

/ I3 _ r” 

_ r 

2 3 r»- 

2 3 r 11 ' 

^3’ 


-r x .200,000,000,000; 
-rx .142,857,142,857; 
— yx .111, hi, in, ni; 
~r x .090,909,090,909; 
= rx .076,923,076,923; 
= rx .066,666,666,666; 


Vol, LXVIL 


-rx .047,619,047,619; 
r x .043,478,260,869. 
E e 


r.dod> 



2io 


Mr, maseres’s Method of 

t 5 


Therefore the twelve terms t 


t ' 3 . i 17 f 15 . e 1 e 


-+- 


p t* 


t 


, + 


i +* 


15 r‘ 4 ijr igr 2 ir“ 23 r 


3 r r 5r 4 7 r 9 r iir 

are 


=« 


rx 1. 000,000, 000, 000, -rx. 333, 333, 333, 333,1 
+rx .200,000,000,000 ,-rx .142,857,142,857, 

+ rx .111,111,11 1,1 1 i,-rx .090,909,090,909, 
+rx .076,923,076,923 ,-rx .066,666,666,666, 
+rx .058,823,529,41 1, -rx. 05 2, 631, 578, 947, 
+rx . 047, 6 1 9, 047, 6 1 9, -rx .043,478,260,869,] 
r x 1.494,476,765,064, -rx .729,876,073,581, 
:rx .764,600,691,483. 

Having thus found the value of the firft twelve terms 

+ Sec. to be 


• * t ' 

of the feries t-—- + 


irr 5r 4 7r 6 " r 9 r* nr 

r x .764,600,691,483, we muft apply the differential 

feries to the difcovery of the value of the remaining 

- * 

part of this feries, which is the feries 


f'9 


2$ r 1 * 2.7 r l& 29 r 18 31 33 r 31 35H 4 *^37r 315 39 r’ 8 ITl- 

finitum. Now this feries is equal to the produdl of ~ into 

. r . I ** i 4 / 6 / s jf 11 />+ 

e eries 27rr + 29?- 4 3 1 r 6 ”** 33 ~ 35 r 10 "^37 r 31 "~ 39 r 14 ^- c *or 
(putting at, as before, =~^ to the product of — into the 

• feries 
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« 2 X XX X* X' x^ X* 

leries---+—-—+— - — + -f & c . which is of 

the fame form with the feries a - bx + c xx - dx* 4- etf - 
fx- -rgx 6 - bx 1 + &c. Therefore, if we put 

d— g- fr, h = ^ f and fo on, and 

compute the differential feries 


a- 


bx 


mxx jy JI x 3 d 1 ij x 4 ‘ d* v x* 


D r X 6 


D V1 X 7 


&c. 


*+* i+*r 1 +aT -i + *i + 7 + *1 5 1 + xf 1 +xi 7 

thence refulting, the number thereby obtained will be 


X XX X* 


the value of the feries -+ + - — — + &c. 

25 27 29 31 33 35 37 39 

.s 


or 


tt t* 
■+- 


r t° 
— 6 +- 


/*“ t 




25 27 rr 29 r * 31 r 33 r 35 r 37 r 39 r 


:+ Sec. This 


computation is as follows : 

Here a is =Vs - -040,000,000,000; 
= *7 = -037,037,037,037; 

= iV=-°34,482,758,62o; 
= ^=.032,258,064,516; 
= ^=.030,303,030,303; 
= -^=.028,571,428,571; 
= ^ = .027,027,027,027; 
= ^=.025,641,025,641. 


b 

c 

d 

e 

f 

g 

b 


E e 2 


The 
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The differences of thefe numbers (beginning from the 
fecond number ~ , or .037,037,037,037,) are as fol- 


lows : 

Firfl differences. 
.002,554,278,416; 
.002,224,694,104; 
.001,955,034,213; 
.001,731,601,731; 
.001,544,401,544; 
.00 1, 386, 00 1, 3 86. 

Third differences. 

.000,059,924,420; 

^000,046,227,409; 

^000,036,232,294; 

.000,028,800,028. 


Second differences. 
.000,329,584,311 ; 
.000,269,659,891 ; 
.000,223,432,481 ; 
.000,187,200,187 ; 
.000,158,400,158. 

Fourth differences,, 

.000,013,697,010 ; 
.000,009,995,115; 
.000,007,432,265. 


Fifth differences. 

.000,003,701,894;, 
.000,00 2,5 62,85 0 • 


Sixth differences. 
.000,001,139,044.. 


Therefore d 1 is = .002,554,278,416; 

= .000,329,584,311; 
= .000,059,924,420; 
= .000,013,697,010;. 
= .000,003,701,894;, 
= .000,001,139,044.. 


.ii 


AH 


IV 


p 
D v 
D VI 


Confequently the differential feries 


a- 


lx 


J> J XX D 1 1 JV 3 B ni ^ 4 1D^X S r> v AT* pvi X 1 


*+* 1+3* f+T + rp 1 “ &c * is —to 


04.03. 
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. 040,0 00,00 0,000 , 

~ -037,037,037,037, x~ 

— . 002 , 554 , 278 , 416 , x =p 

— . 000 , 329 , 584,3 II, X - — —,3 

— . 000,05 9)9 2 4 ) 4 Z0 > * 7 +tF 

X * 

— . 000 , 013 , 697 , 010 , X ===js 

* 6 

— . 000 , 003 , 701 , 894 ,. X =jS 

* 7 

— . 000 , 001 , 139 , 044 , X ===j? 

— &c. 

But, lin.ee i is in this cafe. -r,y r , or x, will be = 1 , and 

confequently will be = — ■ or Therefore the 
foregoing differential feries is in this cafe equal to 
. 040 , 000 , 000 , 000 ,. 

- • 037,037,037,037 , x l 

- . 002 , 554 , 278 , 416 , x ~ 

- . 000 , 329 , 584 , 311 , x .-|- 

- . 000 , 059 , 924 , 420 , x ^ 

~ - 0 . 00 , 013 , 697 , 010 , x ~ 


»oa.o*, 
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- .000,003,701,894, x ~ 

- .000,001,139,044, X ~ 8 


- 8cc. = .040,000,000,000, - .018,518,518,518, 

- .000,638,569,604, 

- .000,041,198,038, 
~ .000,003,745,276, 

- .000,000,428,031, 

- .000,000,057,842, 

- .000,000,008,898, 

- 8cc. 


= .040,000,000,000, - .019,202,526,207, - Sec. 
= .020,797,473,793 - 8cc. 


Therefore the feries 


it 


25 


X XX X* X * X* ~ 

2 _ 7 + 29~3i + 3^~35 + 37 _ 39 + C * or 




+ Slc. is in this 


25 27 rr 29 r + 31 r 6 33^ 35 r 10 37 r‘* 39?- 

cafe =• .020,797,473,793. Therefore the feries 


f-S 




25 r A4 27 r 26 29 r 18 3 1 r 3 ° 33 r 3 * 

* 25 


+ 


37 


r 36 


39 


-38 


+ &c. is in 


this cafe equal to ^ x .020,797,473,793, that is, to 


^X .020, 797, 473, 793, orrx .020,797,473,793; that 
is, the remainder of the infinite feries 

| 3 *5 f ft 

+ 5 7^-jpr + ^-77710 + Sec. after the firft twelve 
terms, is = r x .020,797,473,793. But we before found 
7 thofe 
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thofe firft twelve terms to he = r x .764,600,691,483. 
Therefore the whole feries + £ s - ~ + 

fee. ad infinitum is in this cafe = r x .764,600,691,483, 
+ r x .020,797,473,793, = r x .7 85,398, 165,276, 
which is true to eight places of figures, the more exadt 
value of that feries being rx -785,398,163,397, &c.; 
fo that the value here found for this feries, by the help 
of only eight terms of the differential feries, differs from 
its true value by lefs than an unit in the eighth place of 
decimal figures, that is, by lefs than an hundred-mil- 
lionth part of the radius r, which is a degree of exadt- 
nefs that could not have been attained by the mere com- 

t 3 t S t 7 t 9 * XI 

putation of the feries See. it- 

felf without computing fifty millions of its terms. There 
cannot be a ftronger inftance of the utility of that dif- 
ferential feries. 

Computation of the feries which expreffes the time of the 
dejeent of a pendulum through the arch of a circle . 

Art. 16. As another example of the utility of the 
foregoing differential feries in finding the value of a fe- 
ries that converges very flowly, I will now apply it to 
the feries which expreffes the time of defeent of a 
heavy body through a circular arch of 90°, which de- 

creafes 
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creafes almoft as flowly as the above-mentioned ferie3 

V T Y V f* Y Y 

r +— — +— • -— + — • — -+ Sec.. which exprelies the 

3 o 7 9 11 13 15 

magnitude of a circular arch of 45 0 in a circle whofe 
radius is r. 

Art. 17. If a heavy body, or a pendulum, be fuppofed 
to defcend by the mere force of gravity through any 
arch of a circle not exceeding the arch of a quadrant, or 
90°; and the motion be fuppofed to begin from a ftate 
of reft, and to continue till the bob of the pendulum, or 
the heavy body, comes to the lowed: point of the circle ; 
■and the radius of the circle be called r, the perpendicular 
height, or verfed fine, of the arch through which the 
defcent is made, be called and the right fine of the 
■fame arch be called j; and x be put for the number 
1.570,796,326,794, Sec. which expreffes the femi-cir- 
cumference of a circle whofe diameter is called 1 ; and 


the time of the fall of a heavy body throtigh the verfed 
fine v, or the perpendicular altitude of the arch through 
which the pendulum defeends, be denoted by the 
time of the defcent of the pendulum through the faid 
circular arch, correfponding to the verfed fine or altitude 
v, to the lowed: point of the circle, will be expreffed by 

the produdt of x x r ~j into the feries 


1 l±M -A 4 - l±M 'A3 .y , l±3j£k Id 

2.2 if 22.4.4 S $.2.44.6.6 / "*■ 2,24.4.6.6.8.8 X 
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- x 7 ~ + &c - in "'hich the of 

the- continuation of the terms is very manifeft, 
every new term being derived from the preced- 
ing term by multiplying it into the fraction and 

likewife into a numeral fraction, whofe denominator is 
the fquare of the index of the powers of v and s in the 
new term, and whofe numerator is the fquare of the odd 
number that is lefs than the faid index by an unit. 

Art. 18. Let the numeral co-efficients of the terms 
of this feries be denoted by the capital letters of the 
alphabet, a, b, c, d, e, f, g, h, Zee. in their natural 
order, fo that a fhall be equal to 1, and b fliall be = 

and and ’ and fo onof the reft. 

And we fhall have 


I • I 3.3 5.5 7.7 

B= A 5 B 5 D = nC 5 D 5 F 

2.2 1 4-4 1 0,0 7 8.8 7 


6T6 C > E =sTa D > f = 75 To e > G =im F . 


g, and fo on; and confequently the feries 

1. 1 vv 1.1.12.3 V 4 I.I.3-3.C.C v 6 

I -Zz x li + 7ZTi x 'F- Z^Kb x T- j - &c * 

&vv cv* . Ed 8 fs/ 10 G<z/ Ia hz? 14 , 

or a ■ “pr 4* See. will be a 

M»Agy ^ 3*3. bp 4 ^ 7.7 b^ b 9.9. e^ 10 ii.ii.fw” 13*13. g^* 4 

a.2. jj 4.4. i 4 6.6.x 6 + 8.8. j“ 10. xo. x 10 ' + 12,1a. x‘ 4 T+Ti^ 7 * 

J.ftr/' ^.r- tA ^ , 9 B8< 25c p* t 49 DP 8 8lE«’° ( I2IFW 15, l69§I>' 4 

4xx i6x* 36/ 64/ 100 j iu + 196 a' 4 

4- 8ec. or, if we convert the co-efficients of the terms 
into decimal fractions, 


Tol. LXVIL 
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i 250, 000,000, 006, x~ + .140,625,000,000, x 

-.097,656,250,000, xpr + .074,768,066,406, x pr 

^10 ^ 

-.060, 562, 133, 788, x^+ .050,889,015,196, x f - 

-.043, 878, 793, 714, xp? + &c. The co-efficients of 

thefe terms decreafe fo flowly (efpecially after the firft 
twelve or fourteen terms) that, when the verfed line v is 
very nearly equal to the right line s (as is the cafe when the 
arch through which the heavy body defcends is nearly 
equal to 90% or the arch of a whole quadrant of a circle) 
it would be neceffary to compute a vail number of the 
terms of the feries in order to obtain its value exadt to 
feven or eight places of figures ; and, when v is quite 
equal to s (as is the cafe when the arch, through which 
the defcent is made, is exactly equal to 90°) the compu- 
tation of the value of the feries to that degree of exadt* 
nefs in that diredt manner becomes wholly impradtica- 
ble. But by the help of the differential feries above- 
mentioned its value may be found, even in this cafe, to 
that degree of exadtncfs without much difficulty; more' 
elpecially if we compute the firft twelve terms of the 
fefies in the common way, and then apply the differen- 
tial feries to the invefiigation of the remaining part of it 
in the fame manner as in the laft example- This we 
fliall now proceed to do. 

5 Art. 
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Art. 19. The coefficients of the firft twelve terms of 
the feries A - ^-'+ 

4 ss 10 s 4 36 s 0 64 s* ioos 0 14.4s 1 * 

- •■ 6 ' 9 , g ?. 4 - Sec. are as follows : 

190J ■* 


A = I “ 


B = 




D 



E = 


49 p _ 

64 


F = 


8 l E 
*IOO" 


1.000,000,000,000; 
.250,000,000,000; 
.140,625,000,000; 
.097,656,250,000; 
.074,768,066,406 ; 
.060,562,133,788; 


G 

H 


121 F _ 

144 “ 

169G __ 
196 “ 

22 ^H _ 

25 6 “ 


.050,889,015,196; 

.043,878,793,714; 

•° 38,565,346,037; 

& = Z -~ = *°34?399>3 36j434» 

L = S ^= .031*045,401,131; 

m = ^T L= .028,287,235,328. 

But when 1? is = r, as it is in the cafe of an arch of 90% 


— and all its powers will be = 1, and the twelve terms 

^ BW t CV 4 m EV* EV™ t H ^* 4 , IV 16 Kt> lS , L©*° M V** 

A — -^-+7; 755- +7 «; 7 T+ 7 « T 1- 

F f 2 will 
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will be equal to their co-efficients a-b + c- d+e-f + g- 
h+i—k+l— m. Therefore in this cafe the firft twelve 
terms of this feries are 

1.000,000,000,0005 - .250,000,000,000, 

+ .140,625,000,000, - .097,656,250,000* 

+ .074,768,066,406,- .060,562,133,788, 

+ .050,889,015,196,- .043,878,793,714, 

+ •038,s65>346,o37,- .034,399,336,434, 

+ .031,045,401,131,- .028,287,235,328, 
which are =1.335,892,828,770,- .514,783,749,264, 
= .821,109,079,506. 

Art. 20. The remaining part of this feries is- 

NW I+ on ’ 5 t FW 1 * Q V 3 ° t R!) 3 ’ SO 34 t Tv 36 V V 3S r Q ^ 

__ -J- ___ + ^31 ' j34 j36 ,38 otc. 


or 


23.23.Mw’ 4 
24.24. s ** 


25.25. NW lS I 27.27.OW 18 29.29.FW 30 ± 31. 3'x.C^W 3 * 

26.26.r s + 28.28.5“ ~ 30.30. 5’° 32.32»5 31 


33.33.uw 34 , 35.35. sw 36 37-37 -tw 38 , 0 _ _ 

34 * 34 * + 3 S- 38 . 5 38 + ^ C * OT 


.025,979,075,500, - .024,019,115,661 X “0 


^,30 

+ .022,334,101,169, x Jff - .020,869,976,759 x 73: 
+ * QI 9*585,984,048, X ^-.018,450,810,232, X ^ 

+ .017,440,001,955, x ^-.016,534,184,679, X Jr 
4 - &c. ; which is x the feries 


.° 25 , 979 , 075 ? 5 0 °, “ .024,019,115,661,77 


+ . 022 * 
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+ .022,334,101,169,— -.020,869,976,759,^. 

+ .019, 585, 984, 048,^--;. oiS, 450, 810, 232,— 

+ .017,440,001,955, .016,534,184,679,— 

+ fee. or, if we fubftitute x in this laft feries inftead of 

vv v * 4 y r • 

- — 3 x the feries 

ss r* 

.025,97^,075,500, - .024,019,115,661,^ 

4- .022, 334,101, 169 , xx — .020,869,976,759,^ 

+ .019,585,984,048, AT 4 - .018,450,810,232,^ 

+ .017,440,001,955, a? 6 - .0x6, 534, 1-84, 679, x 1 
+ fee. Now the value of this laffc feries may he difeo- 
vered by the application of the differential feries 

bx XX D 11 X s D 111 * 4 B 1V X s T>vX 6 B vl # 7 Q 

a ~7T*~ r+T~ FTlFlTl 7- TT^i 7 ”7+^T ~ &c " 

in the manner following : 

Here a is = .025,979,075,500; 

3 =.024,019,115,661; 

c =.0.2.2,334,101,169.; 
d =.020,869,976,759.; 

* =.019,585^984,048.; 

/ = .018,450,8.10,232.; 

g =.017,440,001,9 55.; 
and £ =.016,534,184,679,. 


Therefore 
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Therefore the differences of b t c , d , e , f g } and h , of the 
feveral fucceflive orders, are as follows : 


Firft differences. 

b - cis = .001,68 5,014,492 ; 
c - d = .001,464,124,410; 
d - e =.001,283,992,711; 
e - f = .001,135,173,816; 
f-g =.001,010,808,277; 
g-h = .000,905,817,276. 


Second differences. 
.000,220,890,082; 
.000,180,131,699; 
.000,148,818,895; 
.000,124,365,539; 
.000,104,991,001. 


Third differences. 

.000,040,758,383; 
.000,03 1,3 1 2,804; 
.000,024,453,356; 
.000,019,374,538. 


Fourth differences. 

.000,009,445,579; 
.00 0,006,8 5 9 ? 44 ^ » 

.000,005,078,818. 


Fifth differences. 

.000,002,586,131 ; 
.000,001,780,630. 


Sixth differences. 
.000,000,805,501. 


Therefore d 1 is = .001,685,014,492; 

D n = .000,220,890,082; 
D m =.000,040,758,383; 
D IV = .000,009,445,579; 
D v =.000,002,586,131; 
D V1 = .000,000,805,501. 
Confequently the differential feries 


hx J>*xx D * 1 * 3 
_____ — - 


D lv X 5 D v # 6 DVI^7 

&c * IS " to 


•025, 
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.025,979,075,500, 

- .024,019,115,661, x~ 

$C X 

- .001,685,014,492, X 

X 3 

- .000,220,890,082, X ~=p 

- .000,040,758,383, X 

X 5 

.000,009,445,579, X ==ji 

- .000,002,586,131, X 

X 7 

.000,000,805,501, X ~=g 

- &C. 




This is the general value of the faid differential feries, 
whatever may be the value of x, or — . But in the cafe 
here fuppofed of an arch of 90°, the verfed line v is 
equal to the fine s ; and therefore or x } is = 1, and 

—— = or Therefore the foregoing differential 
feries is in this cafe equal to 

.025,979,075,500, 

~ .024,019,115,661, x * 

- .001,685,014,492, X ~ 

***“ 
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- .000,220,890,082, X’-g- 
~ .000,040,758,383, X ^ 

- .000,009,445,579, X ~ 

- .000,002,586,131, X ~ 

- .000,000,805,501, x ^3 

- Sec . = .025,979,075,500, - .012,009,557,830, 

- .000,421,253,623, 

- .000,027,61 1,260, 

- .000,002,547,398, 

- .000,000,295,174, 

- .000,000,040,408, 

- .000,000,006,292, 

- 8ec. 

= .025,979,075,500, - .012,461,311,985, Bee . 
= *°I3>S i 7j763>5I 5 ? - See . Therefore the feries 
■ a - bx + cxx - dx ' i + ex *- fx s + gx (, - hx ' 1 + Sec ., or 
.025, 979, 075, 5OO -.024, OI9, 1 15, 66l, AT 
+ . 022, 334,101, 169, x x - .020,869,976,7 59, AT 3 
+ .019,585,984,048,^ - .01 8,45 0,8 1 0,2 3 2, AT 5 
+ .017,440,001,955, x 6 - .016,534, 184, 679, A? 7 
+ &c. is in this cafe = .013,517,763,515, - 

Therefore -k x this laft feries, or — x the feries 


■oa5 
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^025,979,07 5,500, ~ *024,019,1 13,661,-^' 

S> s 

.022,334,-101,169,^--. 020, 869, 9,7 6, 7 $’ 9 ~ 


* -oi9,sS£, 984,048, .018, 450, '810,232,5 
+ .'o 1 7,440, 00 1 ,9 S 5 , 71 - *016,534,1.84,679,-5 


n- &c. is in this cafe 
that is, the feries 


* * 01 3 >. 5 1 75763,3 15, - Sear, 


^025,97 9 j° 75 jS 00 , j2 + .024,01 9,1 1 5,661, ^5- 

£T 3 _,30 

+ .'022, 334, 101,169, 7?- .020, 869, 976,759,^ 

-r * 019 , 585 , 984 , 048 ,^-^ 018 , 450 , 810 , 2 . 32 , x - 

7,36 „ _j, 3 ! 

-*r .017,440,001,955, 75 -.OI 6, 5 34, -1-84,^79, 5* 


■ Sec., or- 


-■?- <—■ — — 


T V 36 Vv 3S 

+ ~v — -7S- + &C, is 


'if* 

m this cafe = x 


• 0 1 3> S 1 7 >7 6 3j 5 1 5 j ~ &c; = (becaufe 


■v is in this cafe = s 9 and confequently ^ is = 13 

• OI 355 I 7j763,5-i 5, — 8ec. -But we before found the 
value of the firft twelve terms of the feries 

BVV CV 4 BV 6 E' 7 / S 

a 77 + ~? 7 ~ + ~? qro- + &c. to be in this cafe = 

•■8 2*1, 1 09,079,506.. 'Therefore the value of the whole 

. ’ BVV CV 4 BV 6 &V Z FV tQ m 

leiies a — + 7: /~+'7 ~ + Sec. ad infinitum is in 

this cafe = .821,109,079,506, + *013,317,763,515, 
Vol. LX VII. Gg t_ &G , 
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- See. 834,626,843,021, - Sec. of which the firft 
eight figures .834,626,84 are exact, the error being in 
the ninth figure 3, which ought to be a 2 inftead of a 3, 
as would have appeared if we had computed another 
term or two of the differential feries. 


Zv° 


, % r * BVV CV 4 ' DV 6 

Art. 21. Since the feries a +— r+— 

ss r s r 


F V 


I.I.AVVJ o 9.B 

4- &.C., or i- — — — - - 


2 . 2 MS 


4*4* J 


5,5 c?; 6 y.y.D'z/ 8 9.9.E7 y 

“ 4* - 


6 . 6 . 


8.8A 1 


10.104 


~~ Sec. 


is, in this cafe of an arch of 90°, = .834,626,843, -See., 
or iomewhat lefs than .834, 626, 843, the product of that 


lories into xx , will be = xx *-jx .834,626,843,— Sec. 


fbecaufe v is in this cafe -s) a x r x .834,626,843, -Sec. 

= 1.570,796,326,794, Sec. xfx .834,626,843 
-Szc.= r x 1 .31 1,028,779,— Etc., or fomething lefs than 
r x 1.311,028,779; which is exadt to nine places of 
figures, the more exact value of this quantity being 
x 1.31 1,028,777,146, Sec. as appears by a computa- 
tion made by Mr. Stirling, in his admirable Treatife on 
the Summation of Seiiefes, p. 58. 

Art. 22. This value of the product of 1*570,796, 

326,794, See. x ? -p into the feries 


U AW 

, _ 4 . 2-2 


2*2. SS 


4'4* i 


5-5- cvf ' . 7-7 Dv ° 

/ / a T TT r> "7. 


9 9* r v 1 ' 


10 . 10 . s l 


Sec., found by 
the foregoing precedes in this extreme and moil: difficult 
cafe, .to wit, 1.311,028,779, Sec. x r, exceeds its true 

* valii^ 
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value, 1.311,025,777,1465 Ac. x /’by only .000,000, 
002, x r, or two thoufand-millionth parts of the radius • ; 
which is indeed a molt minute difference, and mews the 
great exachieis and utility of this differential feries. 

Art. 23. Of the nine figures to which the number 
1.311,028,779, found by the foregoing procefs, is ex a A, 
the Lift eig'ht are owing to the differential feries. For if 
we were to multiply the value of the firft twelve terms 


onlv of the feries a- 


BVV or D u E D F V 

+ + + g CCj or 


i i>avv t 3 . 3 -b^ S-5.ci/ 6 f 7 . 7 ,d^ s 9.9 ev 


2 * 2 . ss 44 . 


• 8 . j s 10,10.5 


~ + See. , to wit, the 


number .821,109,079,506, into rr x r, or 1-570,796, 
326,794, Sec. x r, the product would he only 1.289, 
Sec. x r, which is true to only one place of figures, the 
fecond figure being a 2 inftead of a 3. This therefore is 
an eminent proof of the utility of the faid differential 


ienes. 


Art. 24. In an arch of 90° the verfed fine is equal to 
the radius of the circle,, that is, according to the fore- 
going notation, e is = r. Therefore by art. 17. together 
with the foregoing computation, it appears, that the time 
of the deicent of a pendulum, or other heavy body 
(moving freely from a ftate of reft by the force of 
gravity only) through the arch of a whole quadrant 
of a circle is to the time of the fall through the cor- 

G g 2 refjjondeur 
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.refpondent perpendicular altitude, or the radius, as 
i. 31 1,028,779,- ^ c * x r is to or as I -3 I 15028,779, 

- &x. is to 1. 

Art. 25. Hence we may determine the proportion of 
the time of defcent of a pendulum through an arch of 
90° to the time of its defcent through an infinitely fmall 
arch at the bottom of a quadrant, or rather (to fpeak cor- 
rectly) to the limit of the time of defcent through a very 
fmall but finite arch at the bottom of the quadrant, to 
which the fakh time continually approaches nearer and 
nearer as the faid fmall arch is taken lefs and lefs, and to 
which it may be made to approach fo nearly, by taking 
the faid fmall arch fufficiently fmall, as to differ from it 
by lefs than any given quantity. For this latter time, or 
limit, is known to be to the time of the fall of a heavy 
body through half the length of the pendulum, or half 
the radius of the circle, as the femi-circumference 
of a circle is to its diameter, that is, as the number 
1.5 70,796,326,794, Sec. is to 1. But the time of the 
fall of a heavy body through half the radius of the 
circle is to the time of the fall through the whole radius 
as 1 to \d 2, or 1.414,213, &c. Therefore, ex aquo, the 
faid limit of the time of defcent of a pendulum through 
a very fmall arch of the circle at the bottom of the qua- 
^ drant, is to the time of the fall of a heavy body through 

6 the 



Series. 

etC. 229 

length 

of the pen- 

I a 1 2 T 

3) See. But 

lie ti::T 

£ of the fall 


IS to 
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the radius of the circle, or the whole 
dulum, as 1.570,796, See. is to j.i 
we. have fe.en in the lafe article that the t 
of a heavy body through the radius of the ci: 
the time of defeent of a pendulum through the arch of 
a whole quadrant as 1 to 1 .3 1 1,028,7 7 9, — 8;c. There- 
fore the limit of the time of defeent of a pendulum 
through a very fmall arch at the bottom of the quadrant 
is to the .time of defeent through the arch of the whole 
quadrant as -1.570,796,326, &c. x 1 is £0 1.414,213, 
See. x 1. 31 1,028,779, - 8cc., or as 1.570,796,326, <kc. 


is to 1.414,21-3, Sec. x 1. 3 1 1,028,779, - Sec., that is, 
by art. 21. as 1.570,796,326, See. is to 1.414,213, See* 
x 1.570,796,326, Sec. x .834,626,843, - Sec., or as 
1 to 1.414,21 3, Sec. x .834,626,843, - Sec., or as 1 to 
1.180,340, Sec., or, in fmaller numbers, as 1 to 1.180, 
or as 1000 to 1180, or as 100 to 1 18, or as 50 to 59. . 

Art. 26. This proportion of the times of the de- 
feent of a pendulum through an infinitely fmall arch 
at the bottom of the quadrant, and through the arch 
of the whole quadrant, agrees pretty nearly with 
that afligned for them by Mr. huygens in the pre- 
face to his admirable Treatife on Pendulum-clocks, 
or De Horologia Of dilator io , which is that of 29 to 
34. For 50 is to 59 as 29 is to 34.2, . or 34}; or 
fnegledting the fraction 4 ) as 29 is to 34; Mr. huygens. 

meaning 
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meaning, probably, in that place, not to exprefs this pro- 
portion as accurately as he could, but only as nearly as it 
could be expreffed by fmall whole numbers. However,, 
the numbers 50 and 59 exprefs this proportion rather 
more accurately than 29 and 34, and with pretty much 
the fame degree of fimplicity, and therefore, upon the 
whole, are fo me what to be preferred to them. 

Art. ay.I have endeavoured to find another differen- 
tial feries, limilar to that above defcribed, for the purpofe 
of inveftigating the value of an infinite feries of this 
form, to wit, o-rbx+cxx+dx } + ex y +fx i Tgx (, +bx 1 + Ac. 
(in which all the terms are marked with the fign +, or 
are added to the firft term a) when the co-efficients b, c,. 
d, e,f, g, h. Sec. decreafe very flowly, and x is very nearly 
equal to r, and the terms of the feries decreafe confe-. 
quently lb llowlv as to make the fummation of it in the 
common way, or by the mere computation and addition 
of its terms, almoft impracticable; but my endeavours 
have not been attended with fuccefs. I may therefore, 
from my own experience, fubferibe to the truth of what 
is afferted upon this iubjeff by the very learned and in- 
genious Mr. james Stirling in his Treatife, intitled, 
Surnmatio Serierum, p. 17. to wit, that Series quorum 
termini Junt per vices negative et affirmative , Junt magis 
traclabiles quam altera, ubi de Summations agitm'% 
though at firft fight one would be apt to imagine the re- 
verie of this propofitibn to be true. 
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XL ST ranjlation of a Pajpzge in Ebn Younes; with fome 
Remarks thereon t in a Letter from the Rev. George 
Cofrard, M. A. Vicar of Twickenham, to the Rev. Sa- 
muel Horfley, LL.D. Sec. R. S. 


31 EV. SIR, 


T vvickcnltam, 
Jan. 9 ? 177;. 


■Read Feb. xg, T T AYING. by means of the Royal Society., 
** been favoured with a tranfcript of the 
Arabic paifage in manufcript of ebn younes, in the 
library at Leyden, I now fend you as exadt a tranflation 
of it as I can. I give it you in Latin, as the former 
tranflations of it were in that language; and as the num- 
bers in the manufcript by no means agree with calcula- 
tions made by modern tables, I have ventured to fup- 
poie that they have been fomehow or other altered from 
what they were in the original tables of ebn younes. I 
have likewise ventured to fuppofe that the prefent Ley- 
den copy is a tranfcript of another copy, which is no 
very violent fuppofition, confideiing how long ago thefe 
obfervations have been made, and how long it is fines 


ebn younes wrote. 


1 


1 have 
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I have like wife made no fcruple to iuppofe that, how- 
ever diftinct and elegant both the Arabic letters and 
■figures are in. later manufcripts, they were not To in thole 
idf a .more' ancient date,' fo that the one might ealily he 
roiftakeri for the other, where there is a feniiarity : and 
Shis jrniftake would be the more eaffiy committed by a 
perfon ignorant of the-fiibjeSl he was upon. This pro- 
bably was the cafe of all fuch as were hired by hooklellers 
to tranfcrihe manufcripts for fale; and for this reafon, 
when the tranfcriber had made any miftake, he would 
net Mot it out for fear of fpoiling the.lale of his book. 

There is an inftance of this fort in this very manu- 
script in the obfervations of the third eclipfe, which is 
ithat of .the Moon, as .you will fee in the tranfcript and 
.‘tranflatioa fent you laft year by Mr. schujltins. 

If what hath beenfaid be allowed me, as I hope it will 
not he thought too. much, I think I fhall be able to ac- 
•xount polfibly, if not probably, for the differences be- 
tween the obfervations .as fet down in the manufcriph 
And the refult of the - calculations by modern tables : a, 
-thing which, hath not been hitherto attempted, as few 
rwho have been verfed in aftronomy have been ac~ 
•quainted with the Arabic language; and they -on the 
..other hand, who have well underftood Arabic, have 
been as little converfant with aflronomy. 


What 
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What I have now advanced fnall be exemplified under 
the firft eclipfe, which is one of the Sun. 

In this eclipfe, according to the mamifcript, at the be- 
ginning, the Sun’s altitude was more than 1 5 (&>) degrees, 
and lefs than 16 (*>.); and at the end it was more than 
33 degrees (gJ) and ~. But I make the Sun’s height 
at the beginning 30 (J) degrees, and at the end nearly 
36 (V). In the manufcript, the digits eclipfed are faid to 
have been 8 (v, or a> as it is fometimes written) ; but I 
make them only a little more than 4(d>), or about 4*. 

Whether the notation in the original manufcript of 
ebn younes was in letters or arithmetical figures is un- 
certain ; but molt probably it was in the former of thefe 
two, as it is in molt; of the tables now extant, though 
compofed fince the admifiion and ufe of arithmetical 
figures. Upon this fuppofition then, or that they were 
fo in the manufcript from whence the prefent manufcript 
was copied, we lhall very naturally account for the mif- 
takes we find in it. 

Thus for inftance, J by fome accidental ftroke at the 
bottom, would eafily be taken for <J, as *5 is fometimes 
written in manufcripts ; and if the perpendicular ftroke in 
the J was made fhortj as in a table it very well might be, 
J (30) would naturally be taken for .J or (15); and, 
Vol. LX VII. H h by 
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by the fame rale, j. (36) would very eafily be taken 
for ^(16) ; and (4) the digits eclipfed for v which is 8 
in the other form of notation, or =; in this. 

In the manufcript it is faid, that the Sun’s altitude at 
the end, by obfervation, was a little more than 33 (g^) de- 
grees ; but this would, in a manufcript ill writen, eafily 
be miftaken forJ (3 5) or (36). 

As to the words, tranflated by Profeffor schultens 
for Mr. grischow, “ accidit hoc in piano circuli ejus 
“ minus quam 7 digit!, ” I am apt to fufpedt they are 
nothing more than fome marginal reading crept into the 
text; that is, iomebody feeing the digits eclipfed here 
made 8 {», added, as the Arabic will very well ’bear, 
u imo minus quam j (7) or v {j)f as in the other form 
of notation that figure is fometimes made. The writer 
of this manufcript, whoever he was, was certainly ac- 
quainted with both forms of notation, as he hath made 
ufe of both. 

This interpretation is at leaf: plaufible, and clears 
up a fentence which greatly perplexed both Mr. gris- 
chow and Dr. bevis, and feemed to them quite unin- 
telligible. 

The account given by curtius of the fecond eclipfe* 
iKhich was a folar one, is this : 

S 


Anno 
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Anno eodem, die Sabbati, videlicet, 29 menfis Sywal, 
(numero decimi, qui Pafchalis eft eorum) eclipfts Solis 
occupavit digitos 74. In principio, Sol altus fere 56°. In 
fine, Sol occiduus elevabatur gradibus 26. Ex shickardo 
in ms. 

This it is plain is not a tranflation of the Arabic, for 
that, as tranflated by schultens for Mr. grischow, and 
tranfmitted by him to Dr. be vis, is much, fuller, and is. 
as follows : 


ECLIPSIS SOLARIS. 

Hsec eclipfts extitit die Sabbati, 29 menfis Sietval, anno 
367 Hegirse. Et dies Sabbati hicce ipfe eft dies 9 men- 
fis Chordadma, anni 348 Jefdagirdis, et ipfe 8 menfis 
Haziran anni 1289 Alexandri, et ipfe eft 14 menfis 
Buna, anni Dioclefiani. 

Fuitque maximum quod eclipfatum eft de diametro 
Solis, 5 digiti et ~ fuper calculo accuratiore. 

Erantque de piano circuli ejus 4 digiti et 1 o minuta. 

Et erat elevatio Solis, tempore quo eclipfts incepit, fe- 
cundum oculum 56° circiter; et erat integra ejus re- 
apparitio cum eftet elevatio ejus 26 graduum, aut circi- 
ter; erantque Sol et Luna fimul in hac eclipfi, in pro- 

H h 2 pinquo 
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pinquo diftantise maximse a terra. Deus fcit an. calculus 
hie bene fit pofitus. Tempus refpondet diei 8 Jun. 
an. Chrifti 97 S. 

Thus far Mr. schultens. And here I muft obferve 
that, according to him as well as curtius, the Sun’s al- 
titude at the beginning was about 56°, or in Arabic nota- 
tion y ; but by computation 1 make it only about 
47 0 50b Suppofe it were 47 (»; then where the letters 
are fmall and ill made, y and jU may eafily be miftaken 
for each other. 

The Sun’s altitude at the end of this eclipfe, according 
to both curtius and schultens, was 26° (f) ; but by 
calculation I make it a little more than 36° (T). But 
thefe figures are fo nearly alike that they would eafily 
be miftaken by an ignorant tranfcribeiy and from a ma- 
nufeript that was ill wrote. 

How schickard, or curtius for him, came to make 
the digits eclipfed 74 1 know not : for in the manufeript, 
as tranflated by schultens for Mr. grischow above, 
we fee they were only and that fuper ccilculo accura » 
tkre, or as the Arabic lhould have been tranflated, juxta 
eaiculum accuratiorem. The meaning of which, I fup- 
pofe, is that ebn younes had found by calculation that 
the digits eclipfed would be 51, and that at the time his 
calculation agreed with his obfervation; as indeed it did, 

for 
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for I make them about 51, however widely this differs 
from 7 ~ as in curtius. 

When the altitude of the Sun, at the beginning of 
this eclipfe, is faid to have been 56° or nearly, fecundum 
oculum, it is evident that this was an obfervation. 

When it is added, erantque de piano circuit ejus 4 dighi 
et 10 minuta , in words at length, it fee ms to have been 
fome interpolation or marginal reading, crept into the 
text, as another feems to have done under the former 
eclipfe; for if the digits eclipfed here were 54, agreeable 
both to obfervation and accurate calculation , they muft 
certainly have been more than 4 0 1 o'. 

At the conclufion of the former eclipfe it was added 
in the tranflation, Deus fcit an obfervatio lit bene inftb* 
tuta; and here the paffage, as tranllated, concludes with 
Deus fcit an calculus hie bene fit pofitus. But in the 
Arabic, as I have received it, there is no mention made 
either of obfervation or calculation. The words are the 
fame in both paffages, and are only adjuvant e Deo. The 
other tranflations feem only to have been what Mr. 
gris chow collected from profeffor schultens, who, he 
fays, was totally ignorant of aftronomical language, as he 
himfelf was ignorant- of Arabic.. 

The third.- is a Lunar eclipfe; and the account given 
of it by curtius,. from schickard, is this : 


Anno-’ 
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Anno Chrifti 979. Anno Hegirse 368 (qni incepit 
d. 8 Aug. mihi die 9 Aug. anno Chriftiano 978) die 
Jovis, 14 Sywal, Luna fuit orta cum defedtu, qui ad 5^ 
digitos accrevit, cum extaret fupra horizontem gradibus 
.etiam 26 (fub audio finem tunc accidiile). schickardus. 
Qui adjungit, tempus refpondere diei 14 Maii, anno 
Chrifti 979. 

The account of this eclipfe, as tranflated by Profeffor 
schultexs for Mr. grischow, is more particular and 
intelligible. 

Ecliplis Lunoe extitit in menfe Sieval (live Xaval) anno 
368 Hegirse. Orta eft Luna eclipfata, in node cujus au- 
rora fuit feria quinta. Et hsec feria quinta fuit dies 2.5 
menfis Ijar, anni 1290 Alexandri, et ille 20 menfis 
Bafchner (live Pachon) anni 695 Dioclefiani. 

Spatium quod eclipfatum fuit de diametro ejus, fuit 
amplius quam ofto digiti, et minus quam novem. 

Fuitque hora ortus ejus proxima horse oppofitionis, fe- 
cundum fundamenta quibus computare foleo. 

Et perfefta eft ejus reapparitio (live finis) cum prse- 
teriifiet de nofte (i. e. poll occafum Solis) circiter hora 
jufta, et quinta horae pars, prout obfervavi. Et erat Luna, 
in hac eclipfi, in propinquo diftantise fuse mediae. 

Tempus refpondet diei 14 Maii, anno Chrifti 979. 

With 
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With, regard to the time of the oppofition, and the- 
Moon’s riling at Cairo, there is very little difficulty ; for 
foe role there at 6 h 48' to", and the time of oppofition-; 
was at 6’ 1 24' 

The. end of this eclipfe there was at 7 11 54' a 6", and. 
the. time of Sun-fet was at 6 h 47' 52". The difference is 
i 11 & 16", and agrees very well with the manufcript. 

The paffage, as we have it here in. curtius from. 
schickard, is very obfcure. For it feems either to mean.': 
that when the digits eclipfed were 5^ the Moon was 26° 
high, or that die was 26° high when the eclipfe ended. 
But I take the laft to be intended; for the Moon was 
26° high at 7 11 3 6', and the eclipfe ended, as we faw, at 
7 h 54'' 26". 

But when schickard or curtius fay this defechts ad, 
5! digitos accredit , the meaning muff be that they 
amounted only to. 5^-. But this is not true ; for according 
to the manufcript, they were between 8 and 9, and I 
make them about 8|. 

I am apt to fufpecf, therefore, that the tranfcriber,,, 
whoever, he was, caff his eyes on the Solar eclipfe above,, 
where the digits eclipfed are really ar td carelefsly. fet: 
them down to this Lunar eclipfe where they do. not be- 
long. And to confirm this conjecture it muff be. ofo* 
ferved, that after the word Diockfian under this Lunar 
eclipfe, in the Arabic follow fix lines , which a he a-, repe- 
tition. 
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tition of all that was faid under the laft folar eclipfe, 
from, the fame word T) : iOclefiCm to the end of that obfer- 
vat ion. 

I {hail now, in the laft place, give you a tranflation of 
the Arabic paffage intire, omitting however the interpo- 
lations mentioned above, which embarrafs the whole. 

Illfit ALI IBN ABDORRAHMAN, IBN ACHMED, IBM 
YOL'NES, IBN ABDOL’ AALI. 

imprimis, jam commemoravi eclipfes, tam Solares 
quam Lunares, quas obfervarunt viri dotfti; eniditi ii 
quorum nomina recenfui, quafque ad eos retuli, incipi- 
endo ab audoribus libri dicti almomtahen, ufque ad 
filios Majour; quin et conjundiones eorum cum ftellis 
fixis, quas obfervarunt, et quorum loca commemorarunt, 
et invenerunt, tempore conjundionum eorum. 

Ipfe deinde memorabo eclipfes quas obfervavi, tam 
Solares quam Lunares, et conjundiones cum ftellis fixis, 
et qutenam fuerunt formce eorum in conjundionibus 
fuis. Ut quicunque me fequantur, et indicia habere defi- 
derent, meis utantur, quemadmodum ac ego eorum in- 
diciis et diredionibus ufus fum, qui ante me obfervarunt. 
Deus autem adjutor eft. 

Eclipfis Solaris erat priore parte diei, feria quint&, die 
.decimo odavo menfis JRabiae pofterioris, anno Hegira 

367- 
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367. Et Irjec feria quinta erat dies deciimis fecundus 
nienfis Adzermah, anno Yezdagerdis 346. 

CarafFse adfuimus, in templo abi gaafari achmed 
ibn nasar Africani, ccetus eruditorum, ad hanc elipfin 
obfervandam. E quorum numcro erat haroun ibn Mo- 
hammed AL GAAFARI) 6t ABU ABDALLAH AL HOSEIN IBN 

nasar Africanus, et abul’ hosein ali ibn mahar- 
bacht Perfa, et abul’ abas aciimed ibn achmed al 

CHURGII) et ABU ACHMED ASSUMACHI, et ABU OMAR 
Scriba. 

Ex his, prseter alios eraditos cum reliquis obiervatori- 
bus, nonnulli erant aftronornice docti. 

Ipfe quoque eodem contendi, una cum abul" kasem 

ABDORRAHMAN IBN HOSEIN, IBN TISAN, AL IDAS, et HO- 
SAN IBN AL DARANI, et HAMED IBN AL HOSEIN. 

Et hi omnes initium hujus eclipfeos obfervfimiit, quce, 
ad fenfum raeum, apparere incepit foie plus quam gra- 
dibus 15, minus autem quam 16 elevato. 

Omnes quoque prsefentes opinione confentierunt ob~ 
fcurari de diametro ejus circiter 8 digitos. 

* »•/ \\t vt/ 

**> '|‘ -S' "W ■5*7 

Et fplendor ejus perfedle recuperatus eft cum eleva- 
retur amplius quam gradibus 3 3 cum tertiii fere parte, 
prout ipfe menfuravi; omnibus qui aderant confentien- 
tibus. 

I i la 


Yol. LXVII. 
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In hac eclipfi, Sol et Lima fimul erant non longe a 
diftantia fua proxima a terra. Adjuvante Deo. 

ECLIPSIS SOLARIS. 

Haec eclipfi s incidit in diem Sabbati, diem 29 menfis 
Shuvral, anno Hegirae 367. Eratque hie dies Sabbati, 
•dies 9 menfis Chordadmah, anno Yezdagerdis 347, et 
dies 8 menfis Haziran, anno Alexandri 1289; et infu- 
per dies 14 menfis Bounah. anno Dioclefiani 694. 

Maximum quod oblcuratum ell de diametro folis erat 
St digiti- 

*_j» »;# Xt i'4 

Et quando haec eclipfis, ad oculi aciem, jam incepifle 
conftabat, Solis altitudo erat circiter gradus 56, et lucis 
ejus reftitutio completa eft cum altitudo ejus effet 26 
gradus, vel circiter. 

Erantque Sol et Luna fimnl, in hac eclipfi, prope dif- 
tantias fiias maximas a terra. Adjuvante Deo. 

ECLIPSIS L U N A R I S. 

Haec contigit menfe Shuwal, anno Hegirae 368. Orie- 
-batur Lima, eclipfi jam inchoata, node cujus Aurora 
erat feria quinta, quae feria quinta erat dies 28 menfis 
Ardbaheft, anno Yezdagerdis 348, quae fuit 18 menfis 
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I jar, anno terce Alexandri 1290. Eratque dies 20 men- 
fis Biffinis, anno Dioclefiani 698. 

\V k*/ k</ vj/ 1;/ o/ 

* 4 >* (Jk ^k. *»» 

Eratque quantitas diametri ejus obfcurata, plufquam 
digiti 8, et minus quam novem. Tempufque ortus ejus 
erat prope tempus oppoiitionis, juxta fundamenta quibus 
computavi : lucemque plenam recuperavit cum de node 
prteteriifTet hora circiter aequinodialis, cum quints parte, 
prout ipfe conjedavi. 

Eratque Luna in hac eclipii, baud procul a diftantia 
fufi me<M a terra. Adjuvante Deo. 

This I hope will be diffidently fatisfadory. 

I am, 8cc. 
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XIII. Obfermtions on the Annual Evaporation at Liver- 
pool in Lancafhire; and on Evaporation confidered as a 
feji of the Moiflure or Drynefs of the Atmofpbere. By 
Dr. Dobfon of Liverpool. Communicated by John 
Fothergill, M. D. F. R. S. 

Bsad Feb. 13, quantity of rain which falls during 

‘ ' -*• the courfe of the year, is a very un- 

certain teft of the moifture or drynefs of any particular 
feafon, iituation, or climate. There may be little or even 
no rain, and yet the air be conihmtly damp and foggy; 
or there may be heavy rains, w ith a comparatively dry 
ftate of the atmofphere. The fame depth of rain will 
likewife produce different effects on the air, according as 
it falls upon a flat or hilly country ; for large quantities 
foon quit the hills or high grounds, while fmaller quan- 
tities have more laiting and powerful effedts on a flat 
country. Much alio depends upon the nature of the 
foil, whether clay or fand, whether firm and compact:, or 
loofe and ipungy. 

Is not evaporation therefore a mere accurate- teft of 
the moifture or drynefs of the atmofphere, than the 
quantity of rain? 
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It is well kno-wn, that air is an adlive folvent of water, 
and that its powers of foliation are in proportion to its 
drynefs. It is likewife well known, that in chemical fo~ 
lutions, the action of the menftruum is greatly promoted 
by heat and agitation. If the temperature of the air 
then, and the ftate of the winds, be afeertained, which 
in the prefent cafe denote the heat and agitation of the 
menftruum , the evaporation will be the true index of the 
drynefs of any particular feafon, lituation, or climate.. 

.To determine the annual evaporation in the neigh?* 
bourhood of Liverpool, I procured two well -yarn lilted 
tin veffels ; one of which was to ferve the purpofe of a 
rain-gage; the other was to be employed as my evapo? 
rating veiTel. The evaporating vcifcl was cylindrical, 
twelve inches in diameter and fix inches deep. The 
rain-gage,- confuted of a funnel twelve inches likewife in 
diameter, the lower end of which was received into the 
mouth of a large Hone-bottle ; and, to prevent any eva- 
poration from the. bottle, the pipe of. the funnel was 
hopped with a. grooved cork. Thefe veffels were placed 
in the middle of. a grafs-plot, on a rifmg ground adjoin? 
ing and immediately ovei looking the town, about fe? 
venty-five feet above, the level of the lea, and with a free 
expofure to the Sun, winds, and rain. The cylindrical 
veiTel was filled with water within two inches of the 
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of i:s eve if lowing, a quantity of water was taken 
ut if, in congruence of long drought, it funk 
a quantity of wawr was then occaficnally added; 


and thcib additions or fubtractions were carefully re- 


ndered. At the end of every month, the depth of rain 
was (kit calculated ; and, as each vefiel received the fame 
depth of rain, I had only to examine the quantity of 
water which had been added to, or taken out of, the eva- 
porating vefiel, and the evaporation of the month was 
afcertained. 

The firit column of the following tables points out 
the mean temperature of the air at two in the afternoon. 
The fecond, the character of the month with refpedt to 
the winds, the number of dots exprefluig their itrength ; 
and, to make this part tolerably accurate, daily obferva- 
tions on the winds were marked down, and the character 
of the month formed from a general furvey of thefe ob- 
fervations : our winds are Wefterly for near two-thirds 
of the year. The third column points out the evapora- 
tion of each month in inches and decimal parts of an 
inch. The fourth, the depth of rain during each month. 
And the fifth, the ftate of the feafons, e being prefixed 
to the evaporation of the whole three months, r. to the 
rain, and t to the mean temperature. j 


It 
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It is to be obferved, that in making tliefe experiments. 
251 grains were allowed for every cubic inch of water; 
and that three pounds and twelve ounces of water pive 
a depth of one inch on a circular area of twelve inches 
diameter. 


table 1 . 

A comparative view of the evaporation, rain, winds, and 
temperature of the air, during the year 1772. 


Months. 

T emp. 

Winds. 

Evaporat. 

Rain. 

Seafons. 

January 

33 


1.27 

3.26 

|E. 4.87 

February 

39 

• * * • 

1.25 

2.35 

f R * 7.23 

March 

44 

• • « 

2-35 

1.62 

' T. 40. 

April 

4§ 

• « 

2 -53 

1.85 

V E* II40 

May 

37 

« 

4-25 

3-42 

[r. 8.39 

June 

67 

0 t 

4 62 

3. 12 

J T. 57. 

Hy 

7° 

♦ « 

5-53 

i-59 

% B. 13.2O 

Auguft 

68 

0 0 

5-35 

3- 6 5 

| E. IX. 29 

September 

! 62 

« 

2.32 

6.05 

J t. 66. 

Oftober 

60 

• w 

3.18 

3-42 

E. 6.46 

November 

5° 

0 0 0 

2.15 

4.85 

l R. 10.48 

December 

44 

0 0 | 


2.21 

It. 5.. 

1 

54 


35-95 

37-39 
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TABLE III. 

A comparative view of the evaporation, rain, winds, and 
temperature of the air, during the year 1774. 



Temp. 

Winds. 

Evaporat. 

Rain. 

Seaions. 

January 

37 

» • • 

, 1.33 

4-43 

1 E. 5 92 

February 

45 f 

• • • • 

1.67 

2.42 

Pi 

9 

00 

March 

49 f 

• • * 

2.87 

1.38 

T. 44 . 

April 

S4i 

» • • • 

4-56 

2 23 

'll. 12-39 

May 

59 a 


4*31 

1.65 

f R - 7-H 

June 

6 3 . 

» • 

, 3 - 52 ' 

3.26 

J T. 59. 

July 

66f 


4-97 

2.68. 

I E. 13-5 1 

Auguft 

.67 

® • 

4-52 

2.36' 

l R. XO.56 

September 

61J 

, « * 

. 4.02 

5'5 2 

i T, 65. 

OStohr 

57 

« ® 

i -95 

1.68 

. E. 4.82 

November 

46J 

« » « 

, 1.12 

2.69 

' R.. 6.QO 

December 

1 4 1 ! 


i *75 
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TABLE IV. 

A comparative view of the evaporation, rain, winds, and 
temperature of the air, during the year 1775. 
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Winds. 
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Rain. 
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OBSERVATIONS. 

i . It is evident from thefe tables, whether we attend 
•to feparate months, feafons, or years, that the depth of 
rain is a very erroneous index of the moifture or drynefs 
of the atmofphere. On comparing the two rfionths J uly 
and Augnft of the year 1772, it appears that the tem- 
1 perature 
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perature of the air, the ftate of the winds, and the eva- 
poration, were nearly the fame during thefe two months, 
and yet the rain of Auguft was more than double that of 
July. The reafon why the greater quantity of rain had 
no more effect than the fmaller in adding moifture to 
the atmofphere, is obvious ; for on confulting my regiffer 
I find, that the rain of Auguft Ml in heavy fhowers, and 
ran off the ground before it could be evaporated ; while 
that of July, falling in fmall drizzling fhowers, gave 
more time for its evaporation. 

Again, the temperature of the air, the ftate of the 
winds, and the evaporation, were nearly the fame during 
the firft three months of the year 1773, with what they 
were during the laft three months of that year ; the ftate 
of the air therefore, with refpedt to moifture and dry- 
nefs, muff have been the fame during thefe two feafons ; 
and yet the depth of rain, in one of thefe feafons, was 
much more than double what it was in the other. If 
we attend to whole years the fame obfervation is con- 
firmed. The rain of 1775 exceeded the rain of 1774. 
more than eight inches ; and hence it might be con- 
cluded, that the atmofphere was more moift in 1775 
than in 1774; t ^ ie reverfe of this, however, is found to be 
the fadt : for there evaporated from a conftant and deter- 
minate furface of water in 1775, full three' inches more 

EL k 2 than 
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than evaporated from the fame furface of water in 1774. 
Gonfequently the drynefs of the atmofphere or its power 
of foliation, during the year 1775, exceeded that of 
1774. 

a. If we take the medium of four years obiervations 
it appears, that the annual evaporation at Liverpool 
amounts to 36-78 inches. 

Dr. halley obferved at London, that water placed in 
a dole room, where neither the winds or Sun could adt 
upon it, exhaled only eight inches during the whole 
year. He makes no doubt but that the free accefs of the 
winds would have trebled the quantity carried away; 
and that this again would have been doubled by the 
afliftance of the Sun. Dr. halley, therefore, fixes the 
annual evaporation of London at 48 inches (a) , If this 
calculation be admitted, it follows, that the annual eva- 
poration of London exceeds the annual evaporation of 
Liverpool 11 inches; but were the experiments to be 
made in London, in the fame circumftances with thofe 
made at Liverpool, it is probable, that this would be 
found to be more than the real difference. 

The learned cruquius obferved at Delft in Holland, 
that there exhaled from water fet in the open air, but in 
a calm and fhady place, about 30 inches; and it is not to 

(a) Phil Tianf* N° 21. z. 

be 
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be doubted, lays Dr. brownrigg in bis very valuable 
work, She Art of making common Salt , but that double 
this quantity, or 60 inches, would have exhaled, had it 
been placed where the Sim and winds could have had 
their due effeAs {i} . In another part of this publication, 
Dr. brownrigg fixes the evaporation of fome parts of 
England at 73.8 inches during the four fummer months, 
June, July, and Auguft ; and the evaporation of the 
whole year at upwards of 140 inches fcJ , Thefe are cal- 
culations, however, which do not appear to correfpond 
with experience ; for the whole evaporation at Liverpool, 
inftead of 140 inches, was only 36.78 inches. The eva- 
poration likewife of the four fummer months, on a me- 
dium of four years, inftead of 73 inches, was only 18.88 
inches. 

3. Dr. hales calculates the greateft animal evapora- 
tion from the furface of the earth in England, even that 
from a furface of hop-ground, at 6.66 inches If we 
compare this with the annual evaporation from a furface 
of water as determined by experiment, we find, that the 
latter exceeds the former about 30 inches; and that the 
annual evaporation from a furface of water, is to the an- 
nual evaporation from the furface of the earth in this 
part of England, nearly as 36 to 6, or as 6 to t. 

W Page 185. (c) Pi z g 9t 

W Veg. Stat. vol. I. p. 55, 56, 
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4. On comparing the depth of rain with the annual 
evaporation of this part of Lancafhire we find, that more 
falls in rain than is railed in vapour, even though the 
whole were a furface of water; for the rain is to the 
evaporation as 37.43 inches to 36.78 inches: and we 
farther find, that the quantity exhaled from the furface 
of the earth is little more than a fixth part of what de- 
fcends in rain; we muft therefore have very large fup- 
plies from other regions, from the furrounding fea, and 
from the ocean of warmer climates. Hence we fee, why 
our South and South-weft winds are fo often accompa- 
nied with rain ; for as the air fweeps along the warmer 
latitudes, it involves a large proportion of moifture, 
which is conftantlv and copiouflv exhaling from the 
ocean ; and this moifture being retained in a ftate of fo- 
liation till it reaches the colder climates, is then either 
collected in clouds or immediately precipitated in rain, 
according to the different conditions of the atmofphere. 

Thefe foreign fupplies, however, are uniformly re- 
ftored to the fources from which they were derived : for 
that proportion of rain which rifes not in vapour, after 
moiftcning and refrefning the earth, forms fprings, 
brooks, and rivers, and is thus perpetually returning to 
the ocean whence it was taken ; fo truly philofophical are 
the words of the preacher when fpeaking of this raft 

circulation : 
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circulation : “ All the rivers run into the fea, yet the fea 
“ is not full: unto the place from whence the rivers 
« come, thither they return again.” 

5. About a century ago, the ingenious Mr. townley, 
of Townley in this county, made fome accurate obferva- 
tions on the depth of rain which fell annually in the 
neighbourhood of the hills which divide Lancafhire and 
Yorkfhire ; and on taking a medium of fifteen years, he 
determines it to be 41.516 inches ^ The depth of rain, 
therefore, at Townley exceeds the depth of rain at .Liver- 
pool about four inches. This is probably, however, lefs 
than the real difference; for there was a fource of error 
in Mr. townley’s experiments with which the world was 
not at that time acquainted. Mr. townley’s rain-gage 
was fixed full ten yards above the furface of the earth 
which circumftance, according to fome later obferva- 
tions, makes a very material difference in the refult of 
the experiment^. Were the obfervations to be repeated 
at Townley, and the rain-gage placed upon the ground, 
there can be no doubt but that the depth of rain would 
confiderably exceed 41.516 inches; for I find from a 
great number of experiments, made during the laft three 

(e) Phil. Tranf abridged by Lowtborp, vol. II. p. 46. ’ (f) Ibid. 

(g) Phil. Tranf. vol. LIX, art, 47. 
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years with two veffels of equal dimenftons, one placed on 
the ground, and the other eighteen yards higher on the 
battlement of the hofpital ; that the quantify received in 
the lower veffel exceeds that in the higher more than 
one-third and lefs than one-half* 

6. i An ingenious friend, on peruftng thefe obferva- 
tions, afked, “ Whether the fadt of evaporation going on 
“ equally well in an exhaufted receiver, was not an un- 
44 furmountable objection to that theory concerning eva- 
u poration, which fuppofes a chemical folution of water 
44 in airP With a view to afcertain this fadt I made the 
following experiment. 

Two china faucers, each containing three ounces of 
water, were accurately weighed. One of them was 
placed in the open air;, the quickfilver in the thermo- 
meter flood during the experiment between 48° and 5 o°, 
the day tolerably clear with a moderate breeze. The 
other was put under the receiver of an air-pump ; the air 
was exhaufted-, and the piftons occafionaliy worked, to 
draw off any of the water which might be fuppofed to 
be converted into vapour. After four hours the faucers 
were again accurately weighed; that in the open air had 
loft one drachm and eight grains; the weight of the 
ether was not fenfibly dimirofhed. 


From 
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From this experiment it appears, that air is a chemi- 
cal folvent of water, and as fuch is undoubtedly to be 
confidered as one caufe of the evaporation of water. 
Heat is another caufe of evaporation, and when raifed 
to a fufficient degree may produce this effect with- 
out the intervention of air, and' the evaporation confe- 
quentlv go on copioufly in an exhausted receiver, agree- 
ably to the experiments of the ingenious Dr. irving , v; . 

The following obfervations are added as a farther il~ 
luftration of this fubject. W ater may exift in air in three 
different ftates. 1. In a ft ate of perfedt folution. 2. In 
a ftate of beginning precipitation. Or, 3. Completely 
precipitated, and falling in drops of rain. 

In the firft inftance, where the water is in a ftate of 
perfect folution, the air is clear, dry, heavy, and its 
powers of folution ftill adtive, though it already contains a 
confiderable proportion of water. In the fecond, the air 
becomes moift, foggy, its powers of folution are dimi- 
nifhed, and it becomes lighter in proportion as its water 
is depofited. It is a lingular and well-attefted fadt, that it 
never rains in the kingdom of Peru ; but that during part 
of the year the atmofphere is conftantly obfcured with 


(i) Phipps’s Voyage to the North Pole, p. 21 1 « 

Vol. LX VII. L 1 
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vapours, and the whole country involved in what they 

call Gamas, or thick fogs 

It is not neceffarv to point out the caufes which thus 
difpofe the air to depofite its diffolved water ; nor to con- 
sider with what bodies air hath a Wronger affinity than 
with water; neither to inquire how r far the electrical fluid 
is engaged in the procefs. It is Sufficient to obferve, that fo 
long as thefe caufes have a general adtion on the- air, they 
diminilh its power of folution, and give a damp and- foggy 
ftate of the atmofphere ; that when they operate fora con- 
fiderable proportion of the year, they produce a moift 
climate ; and that when they more generally do not, and 
the air retains its moifture in a ftate of perfect folution, 
the climate is dry. Confequently, that the moifture or 
drynefs of a climate, do not fo much depend upon the 
abfolute quantity of water which is contained in the air, as 
upon the air being in a ftate of perfect or imperfect folu- 
tion. During long continued fummer droughts, a very 
large proportion of water is diflblved in the air; notwith- 
ftanding this, the air is ftill dry, and continues to be fo as 
but as the water remains in a ftate of perfect folution ; 
long no l'ooner are the porters of folution dinjiniftied, 
than what was before a dry, now becomes a moift climate. 

(!) D'Ulioa’s Vo;, age to South America, vol, II. p. 69, 
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In the third infiance, the diffolvecl water may be 
either fiowly precipitated and fall in drizzling rain, or it 
may be more powerfully difcharged in brilk rain; or 
there may be partial and hidden precipitations from par- 
ticular regions, while other parts of the atmofphere ftill 
retain their water in a ftate of perfect folution. Heavy 
thunder-ihowers are the moft remarkable inftances of 
partial, fudden, and copious precipitations. 

Liverpool* Nov. 20* 1776, 
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XIV. An Account of Perfons who could not dijlinguifh Co- 
lours. By Mr. Jofeph Huddart, in a Letter to the Rev. 
Jofeph Prieftley, LL.D. F. R. S. 


London* 

S I Rj Jan. 15, 177 7 . 

Read Feb. ! 3>ITT HEN I had the pleafure of waiting on 
' ' ’ ’ ’ yon laft winter, I had hopes before now 

of giving yon a more perfect account of the peculiarity 
of vilion which I then mentioned to you, in a perfon of 
my acquaintance in the North : however, if I give you 
now the heft I am able, I perfuade myfelf you will par- 
don the delay. 

I promifed to procure you a written account from the 
perfon himfelf, but this I was unfortunately difappointed 
in, by his dying fuddenly of a pleurify a ihort time 
after my return to the country. 

You will recoiled! I told you that this perfon lived at 
Mary-port in Cumberland, near which place, viz. at Al- 
lonby,I myfelflive, andhaving known him about ten years- 
have had frequent opportunities of converting with him. 

7 His. 
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His name was Harris, by trade a fhoe-maker. I had 
often heard from others that he could difeern the form 
and magnitude of all objects very diftinctly, but could 
not diftinguifh colours. This report having excited my 
curiofity, I converfed with him frequently on the fub- 
jecl. The account he gave was this : That he had reafon 
to believe other perfons faw fomething in objedts which 
he could not fee; that their language feemed to mark 
qualities with confidence and precifion, which he could 
only guefs at with hefitation, and frequently with error. 
His firfl fufpicion of this arofe -when he was about four* 
years old. Having by accident found in the ffcreet a 
child's flocking, he carried it to a neighbouring houfe to 
inquire for the owner: he obferved the people called it 
a red flocking, though he did not underhand why they 
gave it that denomination, as he himfelf thought it com- 
pletely deferibed by being called a flocking.. The circum- 
fiance, however, remained in his memory, and together 
with fubfequent obfervations led him to theknowiedge 
of his defedt. As the idea of colours is among the firft 
that enters the mind, it may perhaps feem extraordinary 
that he did not obferve his want of it flill earlier. This, 
however, may in fome meafure he accounted for from, 
the drcumftance of his family being quakers, among, 

whom. 
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whom a general uniformity of colours is known to pre- 
vail. 

He obferved alio -that, when young, other children 
could difcern cherries oil a tree by fome pretended dif- 
ference of colour, though he could only diftinguilli 
them from the leaves by their difference of fize and 
fhape. He obferved alfo, that by means of this difference 
of colour they could fee the cherries at a greater diftance 
than he could, though he could fee other objects at as 
great a diftance as they; that is, where the fight was not 
•afiifted by the colour. Large objedts he could lee as well 
as other perfons; and even the fmaller ones if they were 
not enveloped in other tilings, as in the cafe of cherries 
among the leaves. 

1 believe he could never do more than guefs the name 
of any colour; yet he could diftinguifh white from black, 
or black from any light or bright colour. Dove or ftraw- 
colour he called white, and different colours he fre- 
quently culled by the fame name : yet lie could difcern a 
difference between them when placed together. In ge- 
neral, colours of an equal degree of briglitnefs, how- 
ever they might otherwife differ, he frequently con- 
founded together. Yet a ftriped ribbon he could diftin- 
guifh from a plain one; but he could not tell what the 
colours were with any tolerable exadtnefs. Dark colours 
3 in 
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in general he often miftook for black, but never ima- 
gined white to be a dark colour, nor a dark to be a white 
colour. 

He was an intelligent man, and very defirous of un- 
demanding the nature of light and colours, for which 
end he had attended a courfe of ledtures- in natural phi- 
Iofophy* 

He had two brothers in the fame circumftances as to 
light; and two other brothers and lifters- who, as well as 
their parents,, had nothing of this defedt. 

One of the firft mentioned, brothers, who is now liv- 
ing, is matter of a trading veliel belonging to Mary- 
port. I met with him in December 1776, at Dublin, 
and took the opportunity of converting with him. I 
writhed to try his capacity to diftinguifli the colours 
in a prifm, but not having one by me, I afked him-, 
Whether he had ever feen a rain-bow ? He replied, He 
had often, and could diftinguifli the different colours';, 
meaning only, that it was compofed of different colours,, 
for he could not tell what they were. 

I then procured and fhewed him a piece of ribbon 
he immediately, without any difficulty, pronounced it a 
ftriped and not a plain ribbon. He then attempted to 
name the different ftripes : the feveral ftripes of white 
he uniformly, and without hefitation, called white: the- 
four black ftripes he was deceived in, for three of them 

he 
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he thought brown, though they were exactly of the fame 
fhade with the other, which he properly called black. 
He fpoke, however, with diffidence as to all thofe ffripes ; 
and it muft be owned, the black was not very diftindt : the 
light green he called yellow; but he was not very pofi- 
tive: he fakl, t{ I think this is what you call yellow.” 
The middle itripe, which had a flight tinge of red, 
he called a fort of blue. But he was moft of all deceived 
by the orange colour ; of this he fpoke very confidently, 
faying, “ This is the colour of grafs ; this is green.” I 
alio fhewed him a great variety of ribbons, the colour of 
which he iometimes named rightly, and fometimes as 
differently as poflible from the true colours. 

I afked him, Whether he imagined it poflible for all 
the various colours he faw, to be mere difference of light 
and fhade; whether he thought they could be various 
degrees between white and black; and that all colours 
could be compofed of thefe two mixtures only ? With 
ibme hefitation he replied, No, he did imagine there 
was feme other difference. 

I could not conveniently procure from this perfon an 
account in writing; but I have given his own words, 
having fet them down in writing immediately. Befides, 
as this converfation happened only the 10th of laft 

month 
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months, it is Hill frefh in my memory. I have endea- 
voured to give a faithful account of this matter, and not 
to render it more wonderful than it really is. 

It is proper to add, that the experiment of the ftriped 
ribbon was made in the day-time, and in a good light. 

I am, sir, See, 
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XV. A new tfbeory of the Rotatory Motion of Bodies affe&ed 
by Forces dijlurb'mg Juch Motion . By Mr, John Lan— 
den, F. R. S, 

Read Feb. £o,t induced to conhder this paper as 

2 h >■ n m 

“** not unworthy the notice of this Society, 
through a perfuafion that the theory herein contained 
will conduce to the improvement of fcience, by enabling 
the reader to form a time idea, and accordingly to make- 
a computation of the motion (or change) of the axis about 
which a body having a rotatory motion will turn, or have 
a tendency to turn, upon being afFeCted - by a force dif- 
turbing its rotation ; particularly of the. motion of the 
earth's axis arifing from the attraction of. the Sun and 
Moon on the protuberant matter of the earth above its - 
greateft infcribed fphere : which compound motion, I 
conceive, has not been rightly explained by any one of 
the eminent mathematicians whofe writings on the fame 
fubjedt have corrie to my hands. Whether in this effay 
1 have really fucceeded better than other waiters who 
have attempted an explanation of fuch motion, I fubmit 
to gentlemen well verfed in mechanics to determine., 

i. Fig. 
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1, '.Fig. 1 . Let the fphere adbe, whofe radius is r , re- 
volve uniformly about the diameter acb as an axis, with 
the angular velocity c, meafured at d or e, the motion 
being according to the order of the letters dgeh in the 
fection at right angles to acb, fig. 2. ; and, wliilft it is fo 
revolving, let the pole a be impelled by feme infran- 
taneous percufiive fo-rce to turn about the diameter dce, 
from a towards h, with the velocity w. It is propofed to 
find the new axis about which the fphere will revolve 
after receiving fuch impulfe. 

Calling a l, parallel to r>c, x\ cl will be r-x~: the 
velocity of the point a (about acb) before the impulfe 

on a will be = and the velocity (about dce) given 
to the fame point (a) by the faid impulfe will be = 

Jt 2 2 . 

if . V _. I~l . Which velocities of the point a being in con- 
trary directions, if it be fo fituated that they be equal, 
then, one deftroying the other, that point will flop and 
become one of the new poles fought, about which the for- 
mer poles a and b will revolve with the velocity w ; and the 
points d and e will revolve with the fame velocity (r) as 
before the perturbating impulfe on the point a; but in- 
ftead of deferibing the great circle dgeh, their motion 
will be about the new axis ab\ about which they (as well 
as the points a and b) will deferibe lefier circles parallel 

Mm2 t& 
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to the great circle de, in which, the points d and e (de 

being at right angles to ab) will revolve about the fame 

axis (ab) with the velocity V<r+ w". Which being de=- 
noted by e, and m and n being put for the line and coline 
of the angle ac a to the radius i, me will be -w,ne~c, . 
and confequently mne? = cw*. 

Now taking y = Wx/r ~--, in order to find that. new. 
axis ab, we have from that equation x=—p ==~- r —-aL . 

^ /r + w.' e 

Moreover it is obvious, that if a .fpheroid, a cylinder,. . 
or any other body, whofe center of gravity is c and pro- 
per axis acb, were, whilft revolving about that axis with . 
the fame angular velocity (c), to receive fuch an impulfe. - 
as inftantly to give the point a the angular velocity w • 
about dce; the axis about which that fpheroid, cylinder,' . 
or other body, immediately after the. impulfep would .re- - - 
valve, or -would have. a . tendency to. revolve, would be. 
the fame line ab. 

The great circle de (fig. i .) and any other great circle ■. 
fo fituated with relpedt to the axis of any revolving , 
fphere, I ill all denominate the mid-circle. 

i. In the manner above defcribed the poles of the fphere - 
are by the inftantaneous impulfe on the point -a inftantly 
changed from a and b to a and b". But if, inftead of fuch 
impulfe, a continued attractive force f (like that of gra- 
vity) 
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vity) a<£ted at a fig. 3. and at the new poles - #, a, 8cc. as 
they become fuch by a fucceflive change caufed by fuch 
continued a&ion oi the force f urging the Iphere at 

every inftant to revolve about the diameter de, or de, 

8cc. of the contemporary mid-circle, the new pole (#, a 
See.) would not inftantly be at a finite difiance from the' 
primitive pole a, but fome finite time would be requifite 
that by fuch fucceflive change, the pole might be varied ■ 
to a finite . diftance from a: and the force f continuing 
invariable, the velocity (v) wherewith the pole changed 

its place would be exprefied by y, t being the time elap- 
fed whilfi the pole is varying from a to a, and z the 
length of the arc a a. Therefore the velocity wherewith 
the pole will change its place during fuch a&ion of the. 
force f will be exprefied iq the fame manner as the ve- 
locity (v) of a body moving uniformly from a to a in . 
the time t may be exprefied ; that is, in both cafes v will. 

be — - . But thei e is a material difference between the . 
motion of a body fo moving from a to a and the change , 

of place of the pole a, a, See. the former is. permanent, ; 
and will continue to carry the body forward without the 
a&ion of any force whatever; whereas tile latter will ■ 
inftantly ceafe, and the axis will keep its pofition, if the, - 

force 
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force r ceafes to act thereon ; like as the varying direc- 
tion of a projectile near the earth’s fnrface would irame-. 
diately ceafe to change, if the force of gravity ceafed to 

It is obfer cable, that whilft the force f acts, and the 
revolving fphere, in conlequence of fuch adlion, every 
moment takes a new axis, the angular motion about the 
axis will .continue invariable ; the adtion of fuch. force 
only altering the axis without altering the angular velo- 
city of the fphere about it: like as the direction of a 
.moving body is altered, without altering the velocity, 
thereof, by an attractive force continually abting on it in 
a direction at right angles to that in which the body is 
moving. And if ever the force f (hall ceafe to adt, the 
fphere will inftantly revolve with its primitive velocity 
(c) about the axis it then may have been brought to take 
by the preadtion of that force. 

The new axis, about which the fphere has fuch ten- 
dency to revolve at any inftant during the adtion of the 
force f, I fhali call the momentary axis', and the poles 
thereof the momentary poles. 

3. From the equation (art. 1.) we have 

”= -7 j=5 . Now if a continued attradlive force (f) adfc 

during the time i as above-mentioned, inftead of the 
4 inftan- 
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inftantaneous percuflive force at a, we, according to the 
doctrine of fluxions, muft, inftead of w 9 take w, or its 

equal f i, and x inftead of x, in the expreffion^; there- 

r LU T? t C 

fore, in this cafe, we have j = j =--7=== . Whence, put* 

7 x * %/r — 

/ // 

ting z for the arc (a a, or a a, &c.) whofe line is x, and 

. _ , rx . rF i . r f ; 

writing z for its equal •— =~ , we get — =c,orz = — « 
Hence v denoting the velocity wherewith the mo-- 

j fi 

mentary pole {a, a , &c.) changes its place during the 
adtion of the accelerative force f, we have z - v.t = ~s- 
and confequently v - r ~ 

4. The value of v may alfo be determined in the fol- 
lowing manner (fig, 4.). Conceive a very thin firing 
(without weight) to have one of its ends fattened to a 
fixed point / and the other to a heavy particle of matter. 
m\ alfo conceive fuch particle fo to revolve with the ve- 
locity e, about the line In, that a certain accelerative 
force f (like that of gravity referred to a certain direc- 
tion) continually adting on the faid particle m, in adi-~ 
redtion at right angles both to the firing Im and to the 
tangent to the curve in which m is moving, the firing 
fhall defcribe a conical fur face. Then 1m being denoted . 
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by r, and mo, perpendicular to In, by q\ e - , the centri- 
fugal force urging m in the diredtion o m, will be to f as 

r to vV-y 2 -lo. Therefore f muft be ~ — ~ • Now 

if, whilft m is fo revolving, the force f ceafes aching, the 
faid particle (m) will, it is obvious, immediately proceed 
to- defcribe a great circle of the fphere whofe radius is r 
and center l, of which great circle one of the poles will 
be fituated in a lefTer circle parallel to, and 90° diftant 
from, that defcribed by m during fuch adtion of the faid 
'force; which pole, during fuch adtion, will change its 
place in the faid lefier circle in which it will at any time 
be found with a -velocity (v) which will be to e as if) the 
radius of the laft mentioned circle to q. But s will be — 

\Jr z ~q z -, .therefore we -have vie:: : q, and 

= — . Confequently f = -will be =— x — =— , and 

e aw re r 7 

r f 

TO— — . 

e 

Let now m be a point oil the furface of a fphere whofe 
center is I, and radius lm-r% and let the fphere revolve 
about an axis fo that m fhall defcribe a great circle with 
the velocity e. If then fuch a motive force begins to adt 
-on the fphere, that, continuing its adtion, the point m 
fhall always be urged by the invariable accelerative force 
iF to move in a diredtion at right angles to the'ray Ini and 
7 t® 
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to the tangent to the curve which m will deferibe; that 
point it is obvious will, in confequence of the aaion of 
that force, deferibe a lefler circle of the fame radius (a) 
as that deferibed by the particle m when fattened to a 
firing and acted on by the force f as above-mentioned- 
and the center of the 'fphere being always confidered as 
at reft, one of the momentary poles of the fphere will 
deferibe a circle whofe radius will be = Vr 2 - q 2 parallel 
to, and 90° difiant from, that deferibed by the point m. 
For if the faid force were to ceafe adting, that point of 
the. fphere would deferibe a great circle, as would the 
particle m at the firing in the like cafe.; and therefore 
both the faid particle and the point m of the fphere at 
every inftant having the fame tendency, and being adted 
on by equal accelerative forces, the effedt will be the fame' 
with refpedt to the motion of each. Confequently, v being- 
put to denote the velocity wherewith the momentary 
pole changes its place in the circle which it will deferibe 
whilft the motive force producing the accelerative force 

f adts on m as juft now mentioned, v will be = , the 

fame as in the preceding article, e here denoting that 
velocity which we there denoted by c. 

•5. Referring the point of adtion of the perturbating 
force t© the mid-circle we have not hitherto confidered 

Vo l. LX VII. Nn that 



2,74 Afr. landen’s new theory of 

that point as varied with a greater or left velocity than 
(f) that of the point m\ that is, with reference to fuch 
circle we have always confidered the point m as the point 
of adtion. But it is obvious, that, cateris paribus , the 
point of adtion jvith refpedt to the mid-circle (which 
point we will now denote by q) may be varied with a 
velocity greater or left than e; and that, cateris- paribus, 
the velocity (u)-of the momentary pole will be the fame 
with what velocity foever (q) the point of adtion of the 
force f be varied ; the direction in which that force adts 
being always at right angles to the ray (iq) from the 
center of the fphere, and to the tangent to the curve de- 
fcribed by (y) fuch point of adtion. 

Yet, although v continues the fame whether, cateris 
paribus , (u) the velocity of the point q be greater, equal 
to, or left than e, the immoveable circle in which the 
momentary pole will be found will not continue ■ the 
fame;- that circle being greater, equal to, or. left than the 
circle whole radius is fr z ~q z according as u is lefs, equal 
to, or greater than <?, as will be made more evident by 
what follows* 

6. Fig. 5. Let p (in the great circle Rp qjr) be one 
of the poles of the axis about which the fphere rstv, 
whole radius is r, is revolving (according to the order of 

the letters vq s) with the angular velocity e } meafured at 
4 the 
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the diftance r from the axis; and whilft it is fo revolving- 
let the faid pole be urged to turn about a diameter of the 
/ / 

mid-circle vq s towards q, by an accelerative force f, and 
let fuch force continue to act on the fucceffive new poles. 

it /// 

/>, p, Sec. as they become fuch, always urging the fphere 
to turn about a diameter of the contemporary mid-circle, 
whilft the direction in which fuch perturbating force 
a6ts is regulated in the following manner. 

Conceive the faid revolving fphere to be furroundeci 
by an immoveable concave fphere of the fame ra« 

t tt at 

dins r. Then the momentary pole (p, p, p, Sec.) will 

t a t,j 

always be found in fome curve ppp Sec. in the faid 

J it Hi 

concave fphere, and in fome curve ppp &c. on the 
revolving fphere ; which laft mentioned curve will conti- 

4 it tU 

nually touch and roll along the other curve ppp Sec. on 
the immoveable fphere, the force f and the direction in 
which it a6ts varying in any manner whatever. Let F 
be invariable; then, it is obvious, the two curves fo 
touching each other will be circles ; and if great circles 

/ / a n tit a/ 

p f , p p y, Sec. be defcribed on the furface of the im- 
moveable fphere whofe planes fliall be at right angles to 

i it W i a tit 

the plane of the circle ppp Sec. the points q, q, q, Sec. 

N n 1 therein, 
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f fi til 

therein, each .go 0 diftant from ?, p, p, &c. refpe&iveTy, 

j n>at 

will be in a. circle {qqq &c.) '.-parallel to the faid circle 

A tJ Mi ■ „ 

, ppp Szc* Now as a . regulation to the direction 111 
which the force f fhall urge the momentary pole, let 
that direction be always- a. tangent to the great circle fo 
paffing through that pole and the correfpondent point 

j jj ijj i a 1 in 1 

q, q, or 7, Sec. whilft the arcs qq, qq } .fee. are todhe arcs 

4 ii 1 lii 

f?jP? 5 &x. reflectively in the conftant ratio of uto v : . 
The direction in which the force f adds being fo regu- • 

/ a m . 

lated, it is obvious, that the radius of the circle ppp 

t a i/e . 

See. being denoted by h, the radius of the cirde qqq ■ 
Sec. will be= VV 2 --2r, the diftance. of thefb parallel cir- 
cles being 90°. Therefore their peripheries being as the-- 
velocities (t? and u) with which they are deferibed, their 
radii {b and \/V-ir) will be in the ratio of the faid velo- 
cities ; that is v : u :: h : ; whence, - being * 

4 fi Ilf 

b t the radius of the circle ppp fee. is found =. — 

\/u z +V % 


V e ' 

* I p- 


V " — / // M ‘ 

f-~b z the radius of the circle qqq. 




fee. 


rti r * . r F 

v bem S=T> tbe velocity where- 

* ™ "i a 


with 



the Rotatory Motion of Bodies. 277, 

a ut 

with the momentary pole p, p, Sec. changes its place. 

1 

Confequently, if pr be an arc in the faitl immoveable 


concave fphere whofe line is 


wV + » 4 \J e 

v I +- 


the. great 


y 2 jp 2 


t i a a at /// - 

circles q p, q ?,.q p, 8ec. will interfe£t each other- at the: 
point r. 

7. Moreover, the force f being invariable and a£ting ; 
as expreiTed in the preceding article, the primitive pole - 

/ it /// 

p and the momentary poles />, p,>&cc. will all be found* 

£ a Jif 

in a circle ppp &c. defcribed upon the furface of the- 
revolving fphere, as obferved in that article; which 
circle j during the action of the force of f, will (as is alfo ■ 
obferved in the faid article) always touch and roll .along . 

J U tn 

the immoveable circle (ppp Sec.) whofe radius- we 


have juft now found : 


rv 


v/V-p?/- <*/ 




the. point of. 


contadl being always the momentary pole. 

/ : r . ff ■ 

Let the fine of. the arc pq^of the great circle KpQjqv' 
in the revolving fphere be equal to k, the radius of the: 

£ a hi - 

faid circle ppp 8cc. then will the point Q_an& its oppo-- 
fife point (o) in the furface of the faid iphere, .during ; 
the asftion of the force F, defcribe circles in the fur-- 
3. . . • roundingg 



*i7 S Mr. l.\n den’s new theory of 

$ // 

rounding immoveable concave fphere parallel to (p p p 

a m 

See.) the circle deferibed by the momentary pole p, p } 
.See, in the fame concave fphere. And fuch point Q_and 
its oppofite point (o) being continually urged by the 
force f in directions at right angles to the tangents to 
the arcs they deferibe, their velocity will continue the 
fame as before the adtion of the laid force commenced ; 

. 4 a m 

which velocity, and the radius of the faid circle ppp 
8cc. will be determined by the following computation. 

eh 

That radius being denoted by k, we have r : k :: e : — > 

the velocity of the point Q,before the action of the force 

s commenced; and h : v :: k :-p, the velocity of the 

fame point (qJ during the action of that force, kl being 
put for the fine of the arc qjl; therefore the velocity of 
<>_ continuing the fame during the adtion of f as before, 

we have . But k is the fine of the fum of the arcs 


rp, eq_, whofe fines are b and k refpedtively ; therefore 
— p — -■+ will be = k; and by fubftitution we get 


tk r* — k & kv^/r 1 — h z v\f r z — k z ku */r 2 — h % - . 

T= — _+ = — .. — + -, -—-being 

by the preceding article. Hence we find k 


U 

V 



ry * h , 


r i t * 


i \ 
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, , and it follows, that -7=^= ( - -- J - h. u e 

equal to the velocity of the point q_, and like wife of its 
oppolite point (o) in the furface of the fphere. It alfo 
follows, that k, the radius of each of the circles defcribed. 
by thofe points, during, the adtion of the rorce f will ba 

- rev 

equal to -7^-== — 75=57=*. , 

s/ if + V X S/ e—uf- + V z 

By what is done it appears,, that during the addon of 
the force f, the motion of the revolving fphere will' be 

/ // ut 

regulated' by the circle ppp See. thereon (whofe radius is 
fs=s=\ continually touching and rol- 

jEdL J ' 


e~u' 4 ^ 


Vj 


f ft t/t 


ling along the -immoveable circle ppp 8cc. (whofe ra- 


dius is 


TV 


if + v L 

point of contract be = v 




fo that the velocity of the 


rr 

* 

e 


Coniidering the point qcis. 

/ ft ft/ - 

always urged from the points p, p, p, See. and confe- 
quently its appetite, point (o) towards thofe points, it is 
neceffary to obferve^ that according as- u is lefs or. greater 

than e, the arc pq^ (whofe fine is will be lefs 


or greater than 90° ; and the point (o) oppofite to q_ 
on the. furface of the fphere. will accordingly be at a*. 

i 

greater or lefs diftance than 9 o° from p. 

If 
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/ ¥ *0 t, 

If u be negative the arc.pR whofe fine is ^=7 will 
; he greater than 90°. 

■ 8. The motion of the fphere according to the regula- 
tion in the preceding article is one motion compounded 
.of the primitive motion of the fphere and the motion 
generated by the action of the force f. But conceiving 



.velocity of the .point Q.to arife from an 


impulle given to it whilft the fphere revolved about an 
axis of which qjvas an immoveable pole before fuch im- 
pulfe, and about which the mid-circle correfponding to . 
sthat primitive axis revolved with the angular velocity 


j a ), an( j con fi4ering that the force f, continually 

*%/ e - — 

jailing at right angles to the momentary direction of the 
point Qjand to the plane of the faid mid-circle, only ferves 
to alter the pofition of the faid primitive axis ; we may, 
by the help of what is done above, explain the motion 
which the fphere will have, during the a&ion of the 
force f, fo as to retain in our ideas the two primitive mo- 
tions (one about the axis qq, and the other about a dia- 
meter at right angles to that axis) as remaining diftindt 
.and unaltered. 


(a) Denoting this by c and the velocity of qj>y d, s/ddcdd is == agrees- 
able to art. j* 
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Fig. 6 . Let ed be a great circle on 'the revolving 

•fphere, of which qJs a pole, and let a fmalier circle dl 

parallel to (mqJ that which we have found will be de- 

fcribed by the point be drawn on the immoveable 

concave fphere fo as to touch that great circle in the point 

/ 

(d) where the great circle qjpr cuts it; the radius of 
which lefTer circle will be K, a 

' V v? -\-v L x 1 ^ s — " + ©" 

Then the revolving fphere, during the adion of the 
force f, will fo move, that the firft mentioned great circle 
(ed) Ihall continually touch and roll along the laid lefTer 
circle dl, the velocity of the point of contad (along that 

circle) being = (b \ and the fphere at the fame 

time turning about the axis of which qJs a pole with the 


primitive angular velocity 

y c- — iid + 

Thus the primitive motion about the axis of which 
Q_is a pole is preferved diftind, whilft that pole proceeds 

defcribing a circle, whofe radius is ~-==^— , 


with the velocity 


e — u< +v' 


\/ «* ■+ V 1 'X \/ d 1 + e* 

which we fuppofed given to 


(b) This is to the velocity of the point Q^as nf r* — KT'to k j that is, as the 
radii of the arcs defcribed, 

Vol. LXVH, Oo it 
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It is obfervable, that the laft mentioned velocity will, 
according to this regulation of the motion, be to the 
primitive angular velocity about the axis of which qj.s a 
pole, as v to e~u 3 or as v to ii-e, according as u is lefs or 

greater than e; that is, according as the arc pqJs lefs or 
greater than 9 oh 

9. From what has been faid it follows, that denoting 


the two primitive angular velocities 


8 u 



and 


ev 


(fpecified in the preceding article) by c and d 


/ a /// 

refpe&ively, the radius (fig. 5.) of the circle ppp Soc* 
(or fine of the arc pq=pq_, See.) will be = — ; the radius 


i ii jit / a 

of the circle ppp Sec. (or fine of the arc pr=pr, 8cc.):= 

£$!• T* ** 3? ^ 

- — p =^ ======= : a great circle palling through the 

primitive poles o and q_, on the revolving fphere, will 
turn from the polition onq_with the velocity — meafured- 
at the mid-circle, or with the velocity — ■ drF . - t 

\/ d z e 2 =^ 2 cJr¥+r r F* 

meafured at the fixed point r; whilftthofe poles deferibe,. 
w * • 

with the velocity d 3 circles parallel to ppp &c. the 
radius (k) of each of the circles (fig.. 6.) fo deferibed . 
a being _ 



bein< 


,/n~-e 

circle el will be 
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■■ =f=h-- — ; the radius (vV— k 2 ) of t ' le 

^2CJt'£ J r r F X ' 

and the velocity 


, C0 

rX^/ r F 


~ e'^xedrF r z F z 


' ^} along the laid circle dl = c + r -^i the up- 
per or lower of the double figns taking place according 
as u (= c ^£) is lefs or greater than e% that is, according 


i m ff r \ 

as the arc PQ_(whofe fine is = —} is lefs or greater than 
9 °°- 

10. As an inftance of the ufe of the preceding con- 
clulions, I will now apply them in the folution of a very 
interefting problem, which I have not before feen folved. 

Suppofe a given fpheroid , whiljl revolving uniformly 
about its proper axis , with a given angular velocity, to be 
fuddenly urged by forne percuffive force to turn , with fame 
given angular velocity , about a diameter of its equator ; it 
is propofed to explain the rotatory motion of the fpheroid 
confequent to the impulfe Jo received. 

Fig. 7, 8. Let DOEQ.be the fpheroid, whofe femi-axis 
co - cq. is = b, and equatorial radius cd = ce = r ; and 
fappoiing it before the impulfe to revolve about its pro- 
per axis OQjwith the angular velocity c, meafured at the 
diftance r from the axis, let the poles (o and qJ be fud- 
denly urged by fome percuffive force to turn about a 

O o a diameter 
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diameter of the equator of the fpheroid, with the angu- 
lar velocity d, likewife meafured at the diftance r from 
that diameter. Upon receiving fetch impulfe, the fpheroid 
will take a new axis of motion, which will be a momen- 
tary one; fuppofe fueh new axis to be p , Then the 
particles of the fpheroid being urged (or having a ten- 
dency) to turn about that axis with the -angular, velocity 

*\j c~ j rd Z j (which we will denote .by e) their joint centri- 
fugal force will fo urge the fpheroid to turn about that 
diameter of the equator, which fhall be at right angles to 
the momentary axis pcrc, that the accelerative force- of 
the point d of the equator to turn it about the faid dia- 
meter according to the order of the letters n qje will (as 
appears by what is proved in art. i . and in the Appendix 

t , * ■>» cd r — P cd b* — r z 

annexed hereto) be= — xpqyp or according as 

b is lefs or greater than r: and it follows from hence and 
what is proved in art. 3. and 4. that the angular. velo- 
city (at the diftance r from c) with which the momen- . 
tafy pole p -will change its place.,.- will accordingly be =; - 

cd r x —P cd b'-—r- 
t or , 

( c) To End the polmou of tills axis fee art, 1. by which the fine of the angle 

set (to the ratios r) is found — — « 

$ 


Moiie- 
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Moreover, referring to our obfervation in art. 8. let 

u-e be to^xb=± (the value of v) as c to d, u beinv 

c ct iP* ^ 

greater than or let*-* be to yx~ as c to d, u being 
lefs than.j?: whence, in both cafes, we fhall have, the 
fame expreffion (yx^) for the value of u~e; and 


confequently u, in both cafes, will be = e + — x • 

e r 2 + lr 

Conceive now, 2 , fplieric^l furfkcc witliout matter 
having the fame center and radius as the equator de, to 
be carried about with the revolving fpher.oid; and fup- 
pofe a fphere, whofe radius. is r, to revolve about an 
axis pCfi with the angular velocity *, and, whilft it is 
10 revolving, , let an accelerative force,, (f) equal to 
id f—f cd F—F 

r x F+F OI 'r x F+F 5 according as h is lefs or greater 

than r, urge the pole p, and the fucceffive momentary 
poles as they become fuch, to turn about a diameter of 
the contemporary, mid-circle in the manner exprefled in 


art. 6. u being to ‘u.as e + — x — ; ~ to — x ? 


F + F 


id F—F 

T x r r +I i or as e + 


F—F 


e x F+F e X r*+y> according as b is le£s, or greater 


than r. Then will, the motion of dhefurface of this 
fphere be exactly the fame as. the motion of the faid 
ipherical furface carried about with the revolving, 

fpheroid , 
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fpheroid after receiving the impulfe of the percuffive 
force. Therefore, having reference to our conclnfions in 
-the preceding articles, we. by fubftitution, readily obtain 
-folution to our problem. 

By fubftituting properly y- x —y, or c r x -ryy x for F, we 
find, 

dr r ^ r mJ tb z 


m 

r xcd + r f 


2 r* 


% /d z e z ^2tdrF i-r z F z */ 

V >r + 


W > 2 ^ 

4r 4 -f^“4-£l x ^j 


and c 


f F 


arc 

PH 7 


Which equations, refpeci being had to the conclufions in 
art. 8. and 9. indicate that, whether h be lefs or greater 
than r, if an immoveable circle dl, whofe radius is = 


A 


^4 r' v I’ x ~ 


=r, be conceived to be defcribed in a plane 


inclined to the plane of the equator of the fpheroid (be- 
fore the impulfe) in an angle whofe fine (to the radius f) 

ir 


IS 


V^+; 


fo that the faid circle touch 


^ 

+ r* + * 


the laid equator in the point d in the fedlion opDQjs; 
the fpheroid after the impulfe will fo revolve, that its 

equator 
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equator will always touch and roll along the faid im- 
moveable circle (dl), the velocity of the point of con- 

2 V 2 * C 

tact (along that circle) being = prrp, w-hilft the fpheroid* 

turns about its proper axis (oqJ with the primitive am 
gular velocity c, and the poles o and q_ (by the faid 
rolling of the equator) defcribe circles (whofe radii are 

each = — x parallel to the faid circle. 

C~ 

dl, with the angular velocity d (or their proper velocity 

which we fuppofed given to them by the impulfe^k 
Thus the motion of the fpheroid confequent to the im— 
pulfe appears to be remarkably regular. 

And in the very fame manner may be explained the: 
motion of a cylinder, whofe primitive motion about its, 
proper axis may be difturbed by fome percuflive force in- 
like manner as we fuppofed the fpheroid difturbed ; . only 
(inftead of the former fubftitution for f) fubftituting for 
the accelerative force arifmg from the centrifugal force ; 
of the particles of the revolving cylinder its proper value 

g /•>■ y 3, A /> S 

— x (computed in our Appendix) and afterwards '' 

proceeding as- we. have done with regard to the fpheroid, , 

(d) Other . ways of folving the problem are alfo fuggefted. by the preceding ; 
articles. 
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b denoting half the length of the cylinder, and r the 
radius of any fection at right angles to its proper axis, 

' Seeing that ( c -~ x ) the expreffion for the faid 

.accelerative force refpedting the cylinder vanifhes when b 

i 

■jr 

is = — , it is manifeft that the cylinder in that cafe will 

.{with refpedt to its own particles) undifturbedly revolve 
about any axis whatever palling through, its center of 
gravity, as will a fphere. Which remarkable property of 
that particular cylinder I believe has not before been 
taken notice of. 

There are, I am aware, bodies of other forms having 
the like property. 

The preceding articles lead us to conlider the motion 
of the earth’s axis in a light, I prefnme, more clear and 
fatisfadtory than any in which it has before been conli- 
.dered; but I muft, for want of leifure, defer mak in g the 
application till fome future opportunity ; only obferving 
here, that by what is done above it appears, that from 
the addon of the Sun and Moon on the earth its axis has 
a diurnal motion, which I have no where feen explained. 
Which motion is not much unlike that of the axis of 
the revolving fpheroid juft now conlidered, when (zb) 
this laft mentioned axis is many times longer than (ar) 
4 the 







the Rotatory Motion of Bodies, 

* d 

the equatorial diameter of the faid fpheroid, and - very 
fmalL 


appendix. 

Shewing how the joint centrifugal force of the particles of 
a fpheroid or cylinder , having a rotatory motion about 
any momentary axis , is computed. 

i .FIG. 9. L,etp be a particle of matter firmly connected 
with the plane doefqg, in which the line ocQ_is fituated ; 
and pq being a perpendicular from p to the faid plane, 
let the diftance pq be denoted by u\ aifo, the line ql 
being at right angles to o/cq^, let the diftance pi be de- 
noted by h. Then, the faid plane with the particle p 
being made to revolve about o/cc^as an axis, with the 
angular velocity e meafured at the diftance a from the 

he 

faid axis, the velocity of p will be = — , and its centri- 
fugal force from / will (by a well-known theorem) be = 

hs z he z 

■qr to make it a 1 the expreffion being Whence, 

by refolving that force into two others, one in the 
direction qp> and the other in a direction parallel to 
lq, it appears that the force urging p from the plane 

doefqg will be= let the diftance Iq be what it will. 

Vol. LXVII. - Pp The 
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a. The particle p being; connected with the plane 
doeeqg- as mentioned in the preceding article, and-the 
diftance cl being' denoted by v; if p be urged direaiy 
from the faid plane by a-force fuxp r ,tliQ efficacy of that 
force to turn the faid plane about the line hci, therein 
drawn at right angles to ocq^, will (by the property of the 

lever) be equivalent to the force acting- on - the 

faid line ocq_ at right angles to the- faid plane at the dis- 
tance g from the point c. 

Moreover iti's obvious, that, c&ieris paribus, . the . effi- 
cacy will be the fame let the diftance of q from /.be what 
it will. 

Fig. 10. Let# coincide with /;.and let ci be a. line 
in the plane dp continued (which plane will be at right 
angles to the plane ixjefqg); alfo ,pk being at right an- 
gles to ck, let thofe lines pk and ck be denoted by w and 
x respectively. Then the fine and cofine of the angle 
& co to the radius i, being respectively denoted by m and 

n y the force d -- -- will be x mnxw r -x i ' +m z ~n 1 x. wx. 

, s g 

Consequently, if each particle of any Solid body, through 
which a line hci and a plain doeifqgh may be conceived 
to pafs, be urged from that plane by a force exprefled by 
fuKp as above; the force which, aCting on the line 
Ocq.at the difiance g from c, would be equivalent to the 

efficacy 
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efficacy of all the forces acting on the feveral particles of 
that body to turn the fame about the line hci will 
be obtained by computing the fum of all the forces 

^-xmnxw z -x z +m z -n z xwx acting on thefaid body. 

The computation of fuch equivalent force will in moil 
cafes be abridged by obferving that, if pk be continued to 

// ft 

p fo that kp be =■ kp y the efficacy of the force on the par- 

ft 

tide p y to turn the body about the line hci in oppolition 
to the force on the particle />, will be reprefented by 

if — - ; . 

the equivalent force xmnxx z -w z +m z -n z xwx adlng 
on the line ocojit the diflance g from c ; and that there- 
fore the efficacy of the two forces on p and p t to turn the 
body about hci, will be reprefented by the equivalent 

force xmn*w z ~x z ading on the line ocq_, at right 

angles to the plane dofifqgh, at the diltance g from c. 

3* Fig. n, 12. If the body be a cylinder, a fpheroid, 
or the like, and its proper axis be fituated in the line c h, 

the ordinates correfponding the abfcijfce kp, kp, in the 
tircular fedion hi whofe center is k, will each be paral- 
lel to that diameter paffing through c, about which the 
body will b e urge d to turn ; and each of thofe ordinates 
will be = \!y z -w z , y being the radius of fuch fedionu 

Pp 2 Therefore, 
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Therefore, writing a ^j’y z —w % inftead of p, it follows that 


— the whole fluent 

g ,4 J 7 


of 


4 f'&'J y~ — zv z 

g 


X 


/ • " 

mnxxw z —x z x w, generated w {-kp-kp ) from o becomes 

equal to the radius y (both x and y being confidered as 

invariable) will exprefs the value of the force which* 

adflng on the line oco^at the diftance g from c, would be 

equivalent to the force of all the particles in the faid fee- 

tion, whofe thicknefs is denoted by the indefinitely fmall 


i 

quantity x; the diftance ck being denoted by .x, and a 
being put for (.78539} the area of a quadrant of a circle 
whofe radius is 1 . 

4. Fig. 1 1. In the cylinder whofe length is 2 b and dia- 

meter a r% y being = r>— -x 2 f will be = r z x — -x* : con- 

p 

fequently, the fluent of ~-x z xx, generated whilft x 


from o becomes = d, being — - b — we have x mnx 
~ \ — yv~ g x 3 r “ ~ A& * m for the force which, acting 


as above at the diftance g from (c) the center of gravity 
of the cylinder, would be equivalent to the efficacy of the 
forces acting as above on all the particles of the cylinder 
fo turn it about a diameter palling through c, m being 
the mafs or content of the cylinder. 

7 


5* Fig* 
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5. Fig. 12. In the fpheroid whofe proper axis is 2 b 

and equatorial diameter 2 r, f being = pX b 1 ~x\ J - - x*y- 
will be = r x j - ’-^r + ^-#*+ 7. t confequently, the 
fluent of f -ny ~x~ x+l?> generated whilft a from 


4 ** 


b % 


, , . r*i r*i r*B P „ - ,, . . . 

o becomes = being — — 5 + m _ 7 + '7 - I5 x r o-b^ 
have , T — -r~~ x Minx. r~b— b 1 —^ 


we 


„ x r z — b 1 x s for the force 

which, adfcing at the diftance g from c the center of the 
fpheroid, would be equivalent to the efficacy of the 
forces ailing as above on all the particles of the fpheroid, 
to turn it about a diameter of its equator, s being the mafs. 
or content of the fpheroid. 

Thefe equivalent forces are diftinguifhed by the name 
of motive forces ; the correfpondent accelerative, forces 
are computed in the following articles. 

6. Fig. 13. The body being a fpheroid whofe center 
is c, and whofe proper axis pn is = 2 b and equatorial dia- 
meter ab = 2 r ; let f be the accelerative, force of a par- 
ticle at the diftance g from the axis about which the body 
is urged to turn, which axis is fuppofed to be a diameter 
of its equator. Denote ck by x; ki by y; and let the 
abfcijfa ko and its correfpondent ordinate (parallel to the 
laft mentioned axis) in the circle whofe radjns is ki be 

denoted 
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•denoted by s’ and t refpe&ively. Then, conftdering the 
; body as “urged to turn about that diameter of its equator 
•which is at right angles to ab, the accelerative force of 

every particle in. the faid ordinate will be = ~ ~~ ~ * f, 

o 

and the motiveforce of all the particles In the fame ordinate 
will be = — j— X ^ J - x F<f V/-^; to which '(by 

the property of the lever) a motive force-=— — xF s yy 2 —s 2 

adting at the diftance g from the center at right angles to 

a ray therefrom would be equivalent. Therefore, confi- 

dering x and j as invariable, and s only as variable, 

/ 

~-x the whole fluent of ivV-f x J*+ x 2 will denote a 
s y 

force which, adting at the diftance g from c, would be 
equivalent to the motive force of all the particles in the 

■3 

fedtion hi whole radius is hi and thicknefs x. Which 
fhientis = a/x/+ j -=j x£*-a 2 x„y*+ -—xb 2 -% 2 . Con- 

- "3 A F 

fequently jr~r x the whole fluent of x x b 2 — x 1 x 

^ n n,r.-T 

* £ 2 -# 2 will denote a motive force which, adting 

at the diftance^ from c at right angles to a ray therefrom, 
would be equivalent to the whole motive force urging 
fhe fpheroid to turn as above mentioned. Such equivalent 

force 
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force will therefore be = ~~ x fb+r 2 ^=~- x FTFx s - r 

and this being put = f -~ xr 1 -^ x s (the value of the 


fame force found in art. 

which will be = ~f- x 
computed in -art. 1-. 


5.) we find f =fgmn x 


ry—F 
r - -tfi 1 » 


if / be = its 


r-—P 
b~ * 

value 


Or f will be denoted by — x if i 


be to <?as m. 


to d 3 ..and as n to c; and a and g be each = r. ‘ 

7. Fig.. 1 4. The body being a cylinder whofe center 
of gravity is -in c, and whofe proper axis pn is ib and-, 
diameter %r\. the accelerative force, (f). at the diftance 

g from.c, will in like manner be found = 

the cylinder being confidered as urged to turn about a 
diameter pafling through c. 

If 1 : e :: m : d :: n : c, and a and g be each = r 3 f will: 



3^+4^ ' 




C 2 


XVI. Directions for making the beji Compofttion for the 
Metals of reflecting f ekf copes \ together with a Defec- 
tion of the Procefs for grinding , polifhing , giving 

the great Speculum the true parabolic Curve. By Mr. 
John Mudge ; communicated .by Alexander Aubert, 
JEfq . F. R. S. 


Read Feh. 27.^ March 6. and 23. Ik g the method of Calling, 

J. X. g r j n( ji n g ) and polifhing the 
fpeculaof reflecting telefcopes, by Meff. molyneux and 
hadley, which is publiflied in Dr. smith’s Optics, is 
what the workmen have generally followed, and is 
confequently well known to them ; I (hall in the follow- 
ing. account avoid a repetition of the general directions 
'there given, and only remark upon fuch parts of that 
procefs which I think are eflentially defective, and fup- 
ply them by a method of my own, which, from long 
-jand repeated trials, I have found completely to anfwer 
the purpofe. After, therefore, referring to the above 
.account for the manner of making the gages, patterns, 
'the method of calling, as well as a great many other par- 
ticulars, I will begin with 

The 
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compofition for the fpecula of reflecting telefcopes . 

The perfe&ion of the metal of which the fpeculum 
fhould be made confifts in its hardnefs, whitenefs, and 
compaCtnefs; for upon thefe properties the reflective 
powers and durability of the fpeculum depend. And 
firft of the hardnefs and whitenefs of the metal. There 
are various compofitions recommended in smith’s Optics, 
all which have however their feveral defers. Three 
parts copper and one part and one-fourth of tin will 
make,, he fays, a very hard white metal ; but it is liable 
to be porous. This, however, is an imperfection which 
I ihall prefently fliew the method of preventing ; but the 
permanent fault of it, and which I have myfelf expe- 
rienced, is, that it is not hard enough. The fpeculum of 
a reflecting telefcope ought to have the utmoft pofiible 
hardnefs, compatible with its being operated upon by the 
tool. 

It is to be obferved, that ever fo fmall a quantity of 
tin added to melted copper deftroys its perfeCt malleabi- 
lity, and at the fame time produces a metal whiter and 
harder than copper. As the quantity of tin is increafed, 
fuppofe to a fifth or fourth part, the metal becomes 
whiter, ftill harder, and confequently more friable. If 
the quantity of tin be further increafed to a third of the 

Yol. LXVXL Q q whofe 
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whole compofition, it will then have its utmoft whitenefs ; 
but will be rendered at the fame time fo exceedingly 
hard and brittle, that the fin eft wafhed emery upon lead 
or brafs will not cut it without breaking up its furface ; 
and the common blue ftones uled in grinding the fpe- 
culum, will not touch it. Mr. jackson (fome time fince 
dead) a mathematical-inftrument-maker, and a moft ex- 
cellent workman, told me, that the tin was increafed to 
the above proportion in his metals ; but that they were 
fo exceedingly hard, that it coft him an infinite deal of 
pains, and a journey of two hundred miles, to find out a 
ftone of fufficient hardnefs to cut it, and whofe texture 
at the fame time was fine enough not to injure its furface. 
I have feen feveral of his finifhed metals ; they were in- 
deed perfectly hard and white; but the kind of ftone with 
which he ground them he kept a fecret. 

After many experiments with various proportions of 
tin and copper, by gradually increafmg the former, I at 
laft found that fourteen ounces and an half of grain-tin 
to two pounds of good Swedifh copper, made a beautiful 
white and very hard metal; fo hard indeed, that the 
ftones would but barely cut it, and wafhed emery on 
brafs or tin but juft grind the furface without breaking 
it up ; w hereas the proportion of tin being increafed by the 
addition of only another half ounce, the former incon- 
venience 
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venience immediately took place. This therefore is the 
maximum in point of hardnefs. 

Thus much of the two firft conliderations, the hard- 
nefs and whitenefs of the metal; the next, and indeed 
the moffc efifential, property is its compadnefs, or its 
being without pores. 

This compofition (though complete in the former 
refpeds) was, as well as Dr. sm-ith’s, fubjed every now 
and then to be porous ; fometimes, indeed, I fucceeded in 
calling a lingle metal, or perhaps two or three, without 
this imperfection ; at other times, and moll frequently 
indeed, they were attended with this defed, _ without my 
being at all able to form a probable conjedure at the 
caufeof my fuccefs or difappointment. The pores were fo 
very fmall that they were not difcoverable when the metal 
had received a good face and figure upon the hones, nor 
till the laft and higheft polilh had been given ; and then 
it frequently appeared as if dulled over with millions of 
microfcopic pores, which were exceedingly prejudicial 
in two refpeds ; for firll, they became -in time a lodg- 
ment for a moillure which tarnifhed the furface; and 
fecondly, on polilhing the fpeculum, the putty necefla- 
rily rounded off the edges of the pores, fo as to fpoil a 
great part of the metal, by the lofs of as much light and 

Q q 2 . fharpnefs 
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lharpnefs in the image as there were defective points of 
reflection in the metal. 

Befides the trouble of a great number of experiments, 
in order to get rid of this mifchief, and to afcertain the 
caufe to which it was owing, there was this additional 
inconvenience attending it, viz, that the fault was not 
difcovered, as was obferved before, till a great deal of 
trouble had been taken in grinding and even polifhing 
the metal, the whole of which was rendered ufelefs by 
the mortifying difcovery of this defied. 

I was extricated at laft from this difficulty, and in fbme 
meafure by accident. Having one day made a great num- 
ber of experiments, and having melted down all the good 
copper I had or could procure; though puzzled and fa- 
tigued, yet not caring to give it up,, I recollected' that I 
had fome metal which was referved out of curiolity, 
and was a part of one the bells of St. Andrew’s which 
had been re-caft Expecting,, however, very little, from 
this grofs and uncertain competition, I was neverthelefs 
determined to fee what could be made of it by enriching 
the compofition with a little frefh tin. Accordingly 
calling a metal with it, it turned out perfectly free from 
pores, and in every refpeCt as fine a metal as ever I faw. 

I could not at firit conceive to what this fuccefs was 
owing; but at iafx I hit upon the real caufe of that defeCt, 
S which 
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which had given me fo much embarraffment and trou- 
ble during a courfe of near a hundred experiments* and 
in confequence thereof fell upon a method which ever 
after prevented it. 

I had hitherto always melted the copper firft, and 

when it was fufficiently fufed, I ufed to add the propor- 

*■*!> 

tional quantity of tin ; and as foon as the two were mixed, 
and the fcoria taken off, the metal was poured into the 
moulds. I began to confider that putty was calcined tin, 
and ftrongly fufpe&ed, that the exceffive heat which the 
copper neceffarily undergoes before fufion, was fufficient 
to reduce part of the tin to this ftate of calcination, which 
therefore might fly off from the compofition in the form 
of putty, at the time the metal was poured into the flafks* 

Upon this idea, after I had furnilhed myfelf with 
fome more Swedifii copper and grain-tin (both which I 
had always before ufed) I melted the copper, and having 
added the tin as ufual to it, caff the whole into an in- 
got: this was, as I expected, porous. I then melted it 
again, and as in this mixed ftate it did not acquire half 
the heat which was before neceffary to melt the copper 
alone, fo it was not fufficient to calcine the tin the fpe- 
culum was them perfectly clofe, and free from this fault; 
nor did I ever after, in a fingle inftance, meet with the 
above mentioned imperfection.. 

Ah 
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All that is neceffary, therefore, to be done to procure 
a- metal 'which lhall foe' White, as hard as it can be 
wrought, and. 'perfectly . compadt, is. to melt two pounds 
of Swedifh copper, and when fo melted, to add fourteen 
ounces and a half of gram-tin to it; then, having taken 
off the fcoria, to caff it into an ingot. This metal muff be 
a fecond time melted to call the fpeculum-; but as it will 
fufe in this "compound ftate; with a fmall heat, and there- 
fore will not calcine the tin into putty, it fhould be pfoured 
off as foon as it is melted, giving it nomore heat than is ab- 
folutely neceffary. It is to be ubferved, however, that the 
fame metal, by frequent melting, fofes fomething of its 
hardnefs and whitenefsi when this is the cafe, it becomes 
neceffary to enrich the metal by the addition of a little 
tin, perhaps in the proportion of half an ounce to a 
pound. And indeed when the metal is firff made, if in- 
ftead of adding the fourteen winces and a half of tin to 
the two pounds of melted copper, about one ounce of 
the tin were to be referred and added to it in the fucceed- 
ktg melting, before it is call off into the moulds, the 
compofition would be the more beautiful, and the grain 
of it much finer: this I know by experience to be the 
cafe. 

The belt method for giving the melted metal a good 
furface is this : the moment before it is poured off, throw 
into the crucible a Ipoonful of charcoal-duff; imme- 
2 diately 
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diately after which the metal craft be ffirred. with a 
wooden fpatula, and poured, into the moulds. 

I wifh I may not be confidered as tedious in the above 
detail; but as this bufmefs caufed me a great deal of 
trouble, I was willing to give fome account of the means 
by which I was freed from this difficulty ever after. 
Perhaps, indeed, the whole of this procefs may be mine- 
ceflfary, as many years fince, I communicated this com-, 
pofition, and I believe at the fame time the method of 
preventing the pores, to the late Mr. peter collison, 
a member of the Royal Society ; and likewife two or three 
years fince, at the defire of my brother, to Mr. michell. 
Although it be poffible, therefore, that this method is 
generally known, yet, as I have frequently of late feen 
fpecula with this defect, and obferved metals of fome 
of Mr. short’s telefcopes which are not quite fo per- 
fect as could be wifhed (though they are all exqui- 
sitely figured) I was willing by this publication wholly 
to remove any future embarraffment of this fort, and 
to furnilh workmen with an excellent compofition for 
their metals. And would the Royal Society be pleafed 
to honour the procefs with a place in their records, I 
know of no other method fo proper to give this, as well 
as the following information, a general notoriety. 

The metal being caft, there will be no occafion for 
the complicated apparatus dire&ed by Dr. smith, for 

grinding 
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grinding and polifhing it. Four tools are all that are 
neceffary, viz. the rough grinder to work off the rough 
face of the metal ; a brafs convex grinder, on which the 
metal is to receive its fpherical figure; a bed of hones 
which is to perfeft that figure, and to give the metal a 
fine fmooth face; and a concave tool or bruifer, with 
which both the brafs grinder, and the hones are to be 
formed. A polilher may be confidered as an addi- 
tional tool; but as the brafs grinder is ufed for this pur- 
pofe, and its pitchy furface is expeditioufly, and without 
difficulty formed by the bruifer, the apparatus is there- 
fore not enlarged. 

Of rough grinding the fpeculum. 

The tool by which the rough furface of the metal is 
rendered fmooth and fit for the hones, is belt made of lead, 
ffiffened with about a fifth or fixth part of tin. This tool 
ffiould be at leaft a third more in diameter than the metal 
which is to be ground; and for one of any lize, not lefs 
than an inch thick. It may be cemented upon a block 
of wood, in order to raife it higher from the bench. 

This leaden tool being call, it muft be fixed in the lathe, 
and turned as true as it is poffible, by the gage, to the 
figure of the intended fpeculum, making a hole or pit in 

the 
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the middle, as a lodgment for the emery, of about an inch 
diameter for a metal of four inches: when this is done, 
deep grooves mult be cut acrofs its furface with a graver, 
in the manner reprefented in fig. i. Thefe grooves 
will ferve to lodge the emery, and by their means the 
tool will cut a great deal fader. There is no occafion 
to fear any alteration in the convexity of this tool by 
working the metal upon it, for the emery will bed itfelf 
in the lead, and fo far arm the furface of it, that it will 
preferve its figure and cut the metal very fait. Any kind 
of low handle, fixed on the back of the metal with foft 
cement, will be fufficient ; but it fhould cover two-thirds 
of its back to prevent its bending. This way of working 
will- cut the metal fatter, and with more truth, than the 
method defcribed by Dr. smith; for t fhould the fur- 
face and rough parts be attempted to be ground off by 
a common grind-ftone by hand, though you did it as 
near the gage as poffible, yet the metal would be fo 
much out of truth when applied to the fucceeding tool, 
that no time would be faved by it. I ufed to employ 
a common labourer for this purpofe, who foon acquired 
fuch a dexterity at working upon this tool, that in two 
hours time he would give a metal of four inches dia- 
meter fo good a face and figure as even to fit it for the 
hones. When all the fand-holes and irregularities on the 
face of the metal are ground off, and the whole furface 
Vol. LX VII. Rr is. 
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is fmooth and regularly figured, the fpeculum is then 
ready for the brafs grinder, and muft be laid afide for the 
prefent. 

q *ke manner of fanning the brafs-grinding tool. 

The following is the method I have always purfued. 
Procure a round flout piece of Hamburgh brafs, at 
moft a fixth part larger than the metal to be polifhed; 
and let it be well hammered into a degree of convexity 
(by the affiftance of the gage) fuitable to the intended 
fpeculum. Having done this, fcrape and clean the con- 
cave fide fo thoroughly that it may be well tinned all 
over; then caft upon it, after it has been preffed a proper 
depth into the fand, the former compofition of tin and 
lead, in fuch quantity, that it may (for a fpeculum 
of four inches diameter) be at leafl an inch and an half 
thick, and with a bafe coniiderably broader than the top, 
in order that it may fland firmly upon the bench in the 
manner hereafter to be defcribed. This being done, it 
muffc be fixed and turned in the lathe with great care, 
and of fuch a convexity as exactly to foit the concave 
gage, which we fuppofe already made. It will be necef- 
fary to be more careful in forming this than the former 
tool, and efpecially that no rings be left from the turning ; 


i 


nor 
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nor will the fucceeding hone tool require fo much exah- 
nefs, as any defeats in turning, will, by a method hereafter 
mentioned, be eafil y remedied ; but any inequality or want 
of truth in the brafs tool will oecafion a great deal of trou- 
ble before it can be ground out by the emery. This tool 
muft have a hole (fomewhat lefs than that in the metal 
to be worked upon it) in the middle, quite through to 
the bottom. When this tool is finifhed off in the lathe 

'"‘'I' 

its diameter Ihould be one-eighth wider than the metal. 


How to form the bed of bones, or the third tool. 

Having chofen the kind of hones, and the belt too, of 
the fort recommended in smith’s Optics; they ihould 
be cemented in fmall pieces (in a kind of pavement 
agieeably to his diiedlions) upon a thick round piece of 
marble, or metal made of lead and tin like the former 
compofition (which is what I have always ufed) in fuch 
a manner, that the lines between the hones may run 
hraight fiom one iide to the other; fo that, placing the 
teeth of a fine faw in each of thefe divifions, they may. 
be cleared from one end to the other of the cement 
which rifes between the hones. This bed of hones 
fhould be at leah a fourth part larger than the metal 
which is to be ground upon it. The furface of the 

& r 2 metal 
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metal upon which the hone pavement is to be cemented 
may or may not, as you pleafe, be turned of a convexity 
fuitable to the gage, though I have never taken that 
trouble. As foon as the hones are cemented down, and 
the joints cleared by the faw, this tool muft be fixed in 
the lathe, and turned as exactly true to the gage as pof- 
fible; which done, it muft be laid afide for the prefent. 
The next tool to be made is the bruifer. 

i The manner of forming the bruifer , the fourth and 

laft tool. 

This tool fhould be likewife made of thick flout brafs 
like the former, perfe&ly found, about a quarter of an 
inch thick, and hammered as near to the gage as pofli- 
ble. It fhould be then fcraped, cleaned, and tinned on 
the convex fide, as the former tool was on. the concave, 
and the fame thicknefs of lead and tin caft upon it. The 
general fliape of this fhould differ from the former; for 
as that increafed in diameter at the bottom for the fake 
■of ftanding firmly, fo this fhould be only as broad at 
bottom .as at top, as it is to -be ufed occafionally in both 
•thofe pofttions. When this tool is fixed in the lathe, and 
burned off .concave to the convex gage with great truth 

likewife, 



of Metals for reflecting tfelef copes. 309 

likewife, its diameter ought to be the middle fize be- 
tween the hones and the polifher. 

-Having with the lathe roughly formed the convex 
brafs grinder, the bed of hones, and the concave bruifers, 
the convex and concave brafs tools and the metal muft 
be wrought alternately and reciprocally upon ^each other 
with fine emery and water, fo as to keep them as nearly 
to the fame figure as poffible, in order to which fome 
wafhed emery muft be procured. This is beft done by 
putting it into a phial, which muft be half filled with 
water and well fhaken up, fo that, as it fubfides, the coarfeft 
may fall to the bottom firft, and the fineft remain at the 
top : and whenever frefh emery is laid on the tools, the 
beft method (which we fhould alfo obferve with the 
putty in polifhing) will be, to fhake gently the bottle, 
and pour -out a ftnall quantity of the turbid mixture. 

Of grinding the fpeculum , the brafs tool , and the brufer , 

together. 

All the tools being ready, upon a firm poft in the 
middle of a room, you are to begin to grind the brafs. con- 
vex -tool with thebruifer upon it, working the latter crofs- 
ways, with ftrokes fometimes acrofs its diameter, at others 
a little to. the right and left, and always fo fhort that the 

bruifers 
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bmifers may not pafs above halt an inch within the fur* 
■face of the br.afs tool either way, drifting the bruifer 
round its axis every half dozen ftrokes or thereabout. 
You muft likewife, every now and then, drift your own 
polition, by walking round, and working at different Tides 
of the brafs tool ; at times the. ftrokes fhould be carried 
round and round, but not much over the tool : in fhort, 
they muft be directed in fuch a way, and the -whole 
grinding conduced in fuch a manner and with fuch 
equability, that every part of both tools may wear 
equally. This habit of grinding, as well as the future 
one of polifhing, will be foon acquired. When you have 
wrought in this manner about a quarter of an hour with 
the bruifer upon the tool, it will be then neceffary to 
change them, and, placing the bruifer upon its bottom, 
to work the convex tool upon that in the fame manner. 

When by working in this equable manner, alternately 
with the bruifer and tool, and occafionally adding frefli 
emery, you have nearly got out all the veftiges of the 
turning tool, and brought them both nearly to a figure, 
it will be then time to give the fame form to the, metal. 
This muft be done by now and then grinding it upon 
the brafs tool with the fame kind of emery, taking care 
.however, by working the two former tools frequently 
together, to keep all three exactly in the fame curve. 

The 
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The beft kind of handle for the metal is made of lead, 
a little more than double its thicknefs, and fomewhat 
lefs in diameter, of about three, pounds weight, with a 
hole in the middle (for reafons to be fhewn hereafter) a 
little larger than that in the metal : this handle fhould be 
cemented on with pitch. The upper edge of this weight 
muft be rounded off, that the fingers may not be hurt ; 
and a groove,, about the bignefs of the little finger, be 
turned round juft below it, for the more conveniently 
holding and taking the metal off the tools. 

flhe manner of figuring the metal upon the hones,- 

When the brnifer, brafs tool* and metal, are all- 
brought to the fame figure, and have all a true good 
furface, the next part of the procefs is to give a 
correct fpherical figure and a fine face to the metal, 
upon the hones. It will be neceffary to premife, how- 
ever, that the hones fhould be placed in a veflel of water, - 
with which they fhould be quite covered for at leaft an* 
hour before they are ufed, otherwife they will be per- 
petually altering their figure when the metal comes to 
be ground upon them. The fame precaution is-alfo ne- 
ceffary, .if you are called off from the work while you are: 

grinding; 
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grinding the metal, for if they be fuffered to grow dry, 
the fame inconvenience will arife. 

In order to give a proper figure to the hones, and 
exactly fuitable to that of the brafs tool, bruifer, and rne^. 
tal, when the hones are fixed down to the block, fome 
common flour emery (unwaflied) with a good deal of 
water mult be put upon them, and the bruifer being 
placed upon the hones and rubbed thereon with a few 
ftrokes and a light hand, the inequalities of the ftone will 
be quickly worn off; but as a great deal of mud will be 
fuddenly generated, it muff be wafhed off every quarter 
of a minute with a great deal of water. By a repetition 
ef this, two or three times, the hones (being of a very foft 
and. friable fubftance)- will be. cut dawn to the figure, 
without wearing or altering the bruifer at all. Though 
this bufinefs may be quickly done, and can be continued 
but for a few ftrokes at a time, I need not fay that it is 
neceffary that thofe ftrokes be carried in the fame direc- 
tion, and with the fame care, which was obferved in 
grinding the former tools together. 

. As foon as the hones have received the general figure 
of the bruifer, and all the turning ftrokes are worn out 
from them, the emery niuft be carefully wafhed off; in 
order to which, it will be neceffary to clear it from- the 
Joints with a brufh under a ftream of water. The bruifer 

and! 
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and metal mull be likewife cleared in the fame manner, 
and with equal care, from any lurking particles of emery. 

The hones being fixed down to the block, you now 
begin to work the braifer upon them with very cautious, 
regular, fhort ftrokes, forward and backward, to the 
right and left, turning the axis of the braifer in the hand 
while you move round the hones, by fluffing your pofi- 
tion, and walking round the block. Indeed the whole 
now depends upon a knack in 'working, which fhouid be 
conducted nearly in the following manner. Having 
placed the braifer on the centre of the hones, Aide if in 
an equable manner forward and backward, with a ftroke 
or two diredtly acrofs the diameter, a little on one fide, 
and fo on the other; then fluffing your pofition an eighth 
part round the block, and having* turned the braifer 
in your hand about as much, give it a ftroke or two 
round and round, but not far over the edges of the hones, 
and then repeat the crofs ftrokes as before : thofe round 
ftrokes (which ought not to be above two or three at 
moft) are given every time you flfift your own pofition 
and that of the metals, previous to the crofs ones, in 
order to take out. any ftripes either in the hones or 
bruifer, which may be fuppofed to be occafioned, by the 
straight crofs ftrokes. During the time of working, no 
mud nraft be fuffered to collect upon the hones, fo as to 

Vol. LXVII. Sf - deftroy 
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deftroy the. perfect contaft: between the two tools; and. 
therefore they muft every now and then be wafhed clean 
by throwing fome water upon them. When by work- - 
ing in this manner all the emery ftrokes are ground off 
from the bruifer) and it has acquired a good figure and ; 
clean, furface, you may then begin with the metal upon: ■ 
the hones, in the fame cautious manner, wafliingoffthe . 
mud as faft as it collets, though that will be much lefs • 
now than when the bruifer was ground .upon them. . 
Every now and.then, however, the bruifer maft be rub- ~ 
bed gently and lightly upon the hones* which will as it. 
were, by fharpening them and preventing too great 
fmoothnefs, occafion them to cut the metal much -f after. . 

When, after having fome time caufioufly wrought in , 
the manner before defcribed, the hone-pavement has 
uniformly taken out all the emery ftrokes, and given a 
fine face and true figure to the metal, .which will be ■ 
pretty well known by the great equality there is in. the 
feel while you are working, and. by which an expe- 
rienced workman will form a pretty certain judgment; 
having proceeded thus far, I fay, you may then try your, 
metal, and judge of its figure by this more certain 
manner. 

Waft the hone pavement quite clean; then put the 
metal upon the center of it, and give, two or. three light 

ftrokes 
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ftrokes round and round only, not carrying, however, the 
edges of the metal much over the hones ; this will take out 
the order of Straight ftrokes : then having again wafhed 
the hones, and placed the fpeculum upon their center, 
with gentle preffure, Aide it towards you till its edge be 
brought a little over that of the hones, then carry it 
quite acrofs the diameter as far the other fide, and having 
given the metal a light ftroke or two in this direction,- 
take it off the tool. The metal being wiped quite dry, 
place it upon a table at a little diftance from a window; 
ftand yourfelf as near the window, at fome diftance from 
the metal, and looking obliquely on its furface, turn it 
round its axis, and you. will fee at every half turn the 
grain given by the laft crofs ftrokes flalh upon your eye 
at once over the whole face of the metal. This is as cer- 
tain a proof of a true fpherical figure as the operofe and 
difficult method defcribed in Dr. smith’s Optics; for as 
there is nothingfoftor elaftic, either in the metal or in the 
hones, this glare is a certain proof of a perfe<ft contaft 
In every part of the two furfaces ; which there could not 
be if the fpheres were not both perfect and precifely the 
fame. 

Indeed there Is one accidental circumftance which ne- 
ceflarily affords its aid in this and every bufinefs of the 
like fort.; and that is, that a concave and convex furface 

S f 2 ground 
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ground together, though ever fo irregular at fil'd:, will- 
(if the working be. uniform and proper, confifdng, efpe- 
eially at left,, cf crofs ftrokes in every poffible direction 
qcrcfs the diameter) be formed into portions of true and 
equal fpheres; had it not been for this lucky neceffity, it- 
would have been impoffible to have produced that cor- 

rednefs which, is effential in the fpeculum.of a good re- 

/ 

fleeting telefcope by any mechanic contrivance what- 
ever. For when it is confidered, that the errors in reflec- 
tion are four times as great as in refraction, and that the- 
leaft defedt in flgure. is magnified , by the powers of the. 
inftrument, anything fliort of perfedtion- in the figure? 
of the fpeculum w'ould be evidently perceived by a want: 
of diftindtnefs in the performance.. 

I mtift not, however, quit this article without obferv-- 
ing, that I all along fuppofe, both in forming the tools > 
and. at laft figuring the metal :(and indeed the fame mufti 
be obferved in the future procefs of polifliing) that no? 
kind of preffure is ufed that may endanger the bending, 
or irregularly grinding them; they fiiould therefore be. 
held with a. light hand, and loofely between the -fingers,, 
and the motion given fhould be in a horizontal direction, . 
with no more preffure than their own dead weight. 

Having now finished the metal on the -hones, and ren- 
dered it both in point of figure andffurface fit for the. 

laft 
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laft and moft effential procefs, viz. that of polifhing, I 
will defcribe it in the bell manner I can ; though many- 
little circumftances which will be unavoidably omitted 
(and which at the fame time are frequently effential to- 
the fuccefs of a mechanic procefs) can only be fupplied 
by aftual experience. 

The polifhing the fpeculum is the moft difficult and 
effential part of the whole procefs; for every expe- 
rienced workman knows, to his vexation, that the moft 
trifling error here will be fufficient to fpoil the figure of 
his metal, and render all his preceding caution ufelefs. I 
have, however, difcovered a method which I fhall explain, ., 
not only of giving the metal a parabolic figure, but alfo of 
recovering it when it happens to be injured; both to be. 
effected in the aft of polifhing, and the former as cer- 
tainly as the fpherical figure is given upon the hones.. 
Indeed, if we confider rightly, polifhing will be perceived, 
to be but a kind of grinding with a finer order of ftrokes, , 
and with a powder infinitely finer than was before ufed. 
in what is commonly called- the grinding, But before I-, 
defcribe this method, which was the refult of many 
years experience, I will take the liberty of making fome . 
few ftrictures on that of Meff. hadley and moly- 
N-eitx,. which is followed by the generality of work- 
men. 

Fir ft- 
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Fjrft, '-then, the tool itfelf ufed by them for poElh- 
ing the metal, is formed with infinite difficulty. The 
firft defcribed polifher is directed to be made by covering 
the tool with farcenet, which is to be faturated with a 
flotation of pitch in fpirit of wine, by fucceffive applica- 
vtions of it with a brufh, till it is covered, and by the eva- 
poration of the fpirit of wine filled with this extradl of 
pitch,; the fnrface is then to be worked down and finifhed 
•with the hruifer. This is .all very eafy in imagination; 
•but whoever has .ufed this method (which I have myfelf 
unfuccefsfully federal times) muft have found it attended 
with infinite labour, and at lafl; the bufinefs done in a 
•very unfatisfadlory manner; for the pitch by this procefs 
■will be deprived of an eflential part of its compofition. 
The fpirit of wine diffolves none but the refinons parts 
.of its fubftance, which is hard and untra&able; and if 
you. ufe foap or fpirit of wine to foften or diffolve it, it 
mil equally affect the whole furface, the lower as well as 
higher parts of it. And fuppofe that with infinite labour 
with the brnifer, it is at lafl: reduced to a fine uniform 
furface, it is neverthelefs too hard ever to give a good 
polifh with that luftre which is always feen in Mr.. 
short’s, and indeed all other good metals. Nor will it 
give a good fpherical figure; for a petfeft fphere is 
formed, as I obferved before, by that intimate accommo- 
dation 
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dation arifing from the wear and yielding of both tool 
and metal; whereas in this method, there is fuch a ftub- 
bomnefs in the polifher, that the figure of the metal, 
good .or bad, muft depend upon the truth of the former, 
which is very feldom perfect. . 

If the polifher be made in the fecond manner propo— 
fed, by draining. the . pitch through an. outer covering,., 
which is afterwards to be dripped off, the fuperficies of 
pitch and farcenet is- fo very thin, that the putty, .work- 
ing into them, forms affurface hard .and untradtable, fo 
that it is impoffible to give the fpeculum a fine polifh.. 
Accordingly all thofe metals which are wrought that way 
have an order of fcratches inftead'of polifh, difcovering, 
itfelf by a greyifh vifible furface. Befides, fuppofing this - 
tool perfectly finiihed, and.anfwering its purpofe ever fo > 
well, it is impoffible it can produce in the. fpeculum any-' 
other than .a fpherical figure ; . and indeed nothing elfe is» 
expected from this method, as very evidently appears by* 
the experiment recommended to afcertain the truth of 
the figure. You are directed to place a fmall luminous > 
objedt in the center of. the fphere of which the metal is . 
a fegment, and then having adjufted an eye-glafs at the : 
didance of its own focal length from the. objedf; .and -ib 
fituated that the image of the objedt formed by the fpe— 
culum may be vifible to the eye, you are to judge of the 
3 perfedt- 
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perfect figure of the metal by the fliarpnefs and diftind- 
nefs with w T hich the image appears. From hence it is 
very evident, that as the object and image are both diftant 
from the metal by exa&ly its radius, nothing but a true 
fpherical figure of the fpeculum can produce a fliarp 
diftindt image ; and that the image could not be diftinct 
if the figure of the fpeculum were parabolic. Confe- 
quently, if the fame fpeculum ufed in a telefcope were 
to receive parallel rays, there would neceffarily be a con- 
fiderable aberration produced, and a confequent imper- 
fection in the image. Accordingly, there never was a 
good telefcope made in this manner; for if the number 
of degrees, or the portion of the fphere of .which the 
great metal is a part, -were as confiderable as it ought to 
be, ©r as great as Mr. short allowed in his metal, the 
inftrument would bear but a very low charge, unlefs a 
great part of the circumference of the metal were cut off 
by an aperture, and the ill effects of the aberration by 
that means in fome meafure prevented. 

If ever a finifhed metal turned out without this defedt, 
and has been found perfedtly fharp and diftindt, it muff 
have been owing to an accidental parabolic tendency, no 
ways the natural refult of the procefs, and therefore quite 
nnexpedted, and molt probably unknown, to the work- 
man. 


Without 
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" 'Without enlarging, therefore, on the difficulty of the 
: above procefs, &nd the impoffibility of giving the fpecu- 

• lum the tofrectnefs ■ and the' kind of figure 'effentially 

• heceffary to a good telefcope, I will defcribe (hy way of 
mtrodudtion v to the fucceeding diredtions)~the-' tteps by 

' which I washed to a certain and eafy method of giving a 
' proper and correct parabolic figtire to : the' metal, even 
though- it c£me offimperfedt from the hones,- and an ex- 
quifite polilli at the fame time. 

Having made many efforts in the former method, 
which by no means pleafed me fofthe reafons above-men- 
tioned; and having obferved, from fome of Mr. shoRfs 
telefcopes which feiHnto my hands, that the high luftre of 
the polifh could never have been produced in the manner 
above defcribed, but by fome fofter and more tender fub- 
ftanee; and at the fame time recollecting, that Sir Isaac 
newton had given ah account in his Optics of his hav- 

• ing finiffied fome metals, and confiderably mended the 
object glafs of a refractor, by working both upon a tool 
whofe ffirface - had been- covered with common pitch 
about the thicknefs' of a groat; refledting, I fay, upon 
thefe matters (coarfe and uncertain as this method ap- 
peared at firft fight) I was determined to try 'whether I 
ccrald not -get rid of my embarraffrneht, by a mode of 

• operation fomewhat fimilar. Accordingly, fhortening 
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Dr. smith’s procefs, I made a let of tools in the manner 
before defcribed, except that I was obliged to make fome 
fubfequent alteration in the polifher which I fhall pre- 
fently defcribe. Having given a good fpherical figure 
to the brafs tool and the bruifer, and likewife to the 
metal upon the hones, and made the brafs convex tool fo 
hot as juft not to hurt the finger, I tied a lump of com- 
mon pitch (which fhould be neither too hard nor too 
foft) in a rag, and holding it in a pair of tongs over a ftill 
fire where there was no riling dull, till it w r as ready to 
ftrain through the linen, I caufed it to drop upon the 
feveral parts of the convex tool, till I fuppofed it 'would 
cover the whole furface about double the thicknefs of a 
Hulling; then fpreading the pitch as equally as I could, I 
fuffered the polifher (by which name I fhall for the 
future call this tool) to grow quite cold. I then warmed 
the bruifer fo hot as almoft to burn my fingers, and hav- 
ing fixed it to the bench with its face upwards, I fud- 
denly placed the polifher upon it, and quickly Hid it off; 
by this means rendering the furface of the pitch more 
equal. The pitch is then to be wiped off from the bruifer 
with a little tow; and by touching the furface with a 
tallow candle, and wiping it a fecond time, it will be then 
perfectly clean and fit for a fecond procefs of the fame 
fort, which muft again be performed as quickly as poffible ; 

ami 
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and this is ordinarily fufiicient to give a general figure to 
the furface of the pitch. The bruifer and polifher are 
then fuffered to grow perfe&ly cold, when the pitch, 
confidering what has been taken off, will be about the 
thicknefs of a fhilling. 

It is however here neceflary to obferve, that the pitch 
fhould be neither very hard and refinous, nor too foft ; if 
the former, it will be fo untradlable as not to work 
kindly; and if too foft, it will in working alter its figure 
falter than the metal, and too readily fit itfelf to the ir- 
regularity of its figure, if it have any. When both tools 
were perfectly cold, I gave the polifher a gentle warmth, 
and then fixed the bruifer to the block with its face up- 
wards; and (having with a large camePs-hair brufli 
fpread over the face of the polilher a little water and foap, 
to prevent flicking) with fliort, flraight, and round 
fkokes I worked it upon the bruifer, every now and then 
adding a little more water and foap, till the pitch upon 
the polifher had a fine furface, and the true form of the 
bruifer; and this I continued to do till they both grew 
perfectly cold together : in this manner the polifher was 
perfectly formed in about a quarter of an hour. . But 
here a difficulty arofe : when I begun to polifh the metal, 
I found that the edge of the hole in the metal colle&ed 
the pitch towards the middle of the polifher; and 
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though, in this method of working I could give an ex- 
quifite polifh, as the putty lodged itfelf in the pitch 
exceedingly well, yet the figure of the metal was injured 
in the middle, nor did indeed the work go on with that 
equability which is the infeparable attendant on a good 
figure. In order to obviate this difficulty, I caft fomc 
metals with a continued face, the boles not going quite 
through, within perhaps the thicknefs of a fix-pence; 
I fini (lied two or three metals of this fort,. and the work 
promifed and went on very well ; but whenl came to open 
the holes, which I did with the utmoft caution, I found 
the metals fhort of perfection ; which I attributed to an 
alteration of the figure from the removal of even that fmall 
portion of metal after the •fpeculum had been finifhed. 
This I do fuppofe was in fome meafure the reafon why I 
ipoiled a very diftinct and perfect two-foot metal, which 
hore a charge of two hundred times, only by opening 
the fliarp part of the edge of the hole, becaufe I thought 
it bounded the field : fo effentiaily necefiary is an exqui- 
fite corredlnefs of figure in the fpeculum of a perfedl 
refledfor. 

This experiment not fucceeding, inflead of cafiing the 
metal without a hole, I made one quite through the 
middle of the polifher, a little lefs than that in the fpe- 
culum. This perfe&ly anfwered the purpofe; no more 

incon- 
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inconvenience arofe from the gathering of the pitch (for 
it had now no greater tendency -to colled at. the center 
than the fides) and I finilhed leveral metals fucceflively, 
excellent both in point of figure and polifh ; one of thofe . 
of two inches diameter and 7,5 focal length, bore a charge 
of fixty times and upwards, , which when mounted in a 
telefcope I gave to my. brother. This telefcope underwent 
Mr. short?s examination, who . was pleafed to remark 
only', .that ho thought he had made.one more dilfind. 

I muft obferve, that . in this method of working the 
polifhing goes on .in an agreeable, uniform, and fmooth 
mannery and that the fmall degree of yielding in the 
pitch (which is actually not more than .the wearing of 
the metal) produces . that mutual accommodation of 
furfaces fo neceffar.y to a true figure. In .the beginning , 
of the polifh, ■ and indeed. for fome time. during the.pro- 
grefs of it (always remembering now and. then to move . 
the metal round its axis) I worked round and round, not 
far from and always equally diftant from the center, ex- 
cept that every time,' previous to the ihifting the metal 
on its axis, I ufed a crofs ftroke .or two; .and- when the 
polifh was nearly compleated, I moftly ufed crofs flrokes, 
giving a round ftroke or two likewife every time I turned 
the metal on its axis. I obferved in this method.of work- • 
ing, that the metal always poll filed fafteft in the middle; 

infomuch* , 



326 Mr. mudge on the ConJlruEUon 

infomucli, that half or two-thirds of it would be com- 
pletely polilhed when the circumference of it was fcarcely 
touched by the tool. Obferving this in fome of the firfic 
metals, and not confidering that this way of polifhing 
was in fact a ipecies of grinding, and as perfect as that 
upon the hones, I went on reludantly with the work, 
almoft defpairing of being able to produce a good 
fhnire. However, I always found myfelf agreeably 
deceived; for when the polifh was extended to the 
edge, or within the tenth of an inch of it, I almoft 
conftantly found the figure good, and the performance 
of the metal very diftinct. But this fame circumftance of 
apparent defedt in the metals, was in fad that to which 
their perfection was owing ; for they all, contrary to my 
expectation, turned out parabolic. However I did not 
for a great while know any certain way of giving that 
degree of parabolic tendency which was juft neceffary, 
and -which will be defcribed hereafter. It v r as a long 
time before I got rid of my prejudice againft this appa- 
rent imperfection in the procefs, or could reconcile my- 
felf to the irregular manner in which the polifh pro- 
ceeded; for I looked upon it as a certain fource of error, 
and notwithftanding I faw it eventually fucceed, yet 
whenever I chanced to find that a metal, when firft ap- 
plied to the polifher, took the polifh equally, all over* 

and 
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and" confequently the whole bufinefs did not take up 
above ten minutes ; under thofe circumftances, I fay, I 
always ufed to pleafe myfelf with the expectation of a 
correct figure, at lead: as much fo as the metal had re- 
ceived from the hones, where the furface was but juft 
and equally taken off by the putty ; but in this I con- 
ftantly found myfelf deceived, and the metal turned out 
good for nothing. In fhort, at this time, though I fpe- 
culatively knew that a parabolic figure was neeeffary to 
a perfet image, I yet confidered it as of little practical 
confequen'ce. 

From the foregoing experiments, and a number of 
fucceeding trials, I at length difcovered a certain way of 
giving a correct parabolic figure, and an exquifite polifh 
at the fame time. This, which I have ftrong reafons to 
believe was Mr. short’s method, I will now defcribe in 
as few words as I can.. 

How to polifh the Speculum. 

It is firft neeeffary to obferve, that, in order to avoid 
the detrimental intrufions of any particles of emery, it 
would not be right to polifh in the fame room, where the- 
metal and tools were ground, nor in the fame deaths 
which were worn in the former procefs at leaft it would; 

i. be.- 
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be neceffary. to. keep the. .bench quite- wet, to prevent any 
quit. from riling. 

' Having then- made; the pbiifher.by coating the brafs 
convex . tool i.- equally '.--with, pitch, which -■ we • -fuppofe 
fhioothed. and Smihed with the' brafs tool in the manner 
before defcri'bed, and which, is. a very-eafy procefs, the 
• whole operation' is. begun .and- fmiihed in the-following 
: manner « 

The leaden weight or handle upon the" back of the 
.metal fhould be divided into eight parts, by fo many deep 
; Urokes of a graver upon the upper furface-cf the lead, 
.marking each ftroke-wifh the numbers i, 2, 3, 4, and fo 
qn, that the turns of the .metal in-the hand may be 
known to be uniform and regular. 

To prevent any mifchief from: coarfe particles of 
putty, ^always waflr it immediately before ufing. In order 
. to this, put about half an ounce of putty into an ounce 
phial, . and fill -it two-thirds with water; then having 
ihaken the whole, let the. putty fubfide, and flop, the 
bottle with a cork. 

In a tea-cup with- a -little water; there fhould be a full- 
. feed camel’srhair brufh, and a piece of dry clean ioap in 
a.galley-pot : a foft piece of fpunge will alfo be neceffary. 
1 hefe, as well as the metal bruifer and polifher, Iliould 
ibe conftantly covered from duff 

The 
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The polifher being fixed down, and the camelVhair 
brufli, being firft wetted and rubbed a little over the foap, 
let every part of the tool be brufhed over therewith; 
then work the bruifer with fhort, ftraight, and round 
ftrokes, lightly upon the tool, and continue to do fo, 
now and then turning it, till the polifher have a good face, 
and be fit for the metal. Then having fhakenupthe putty 
in the phial, and touched the polifher in five or fix places 
with the cork wetted with that and the water, place the 
bruifer upon the tool, and give a few ftrokes upon the 
putty to rub down any gritty particles; after which, 
having removed it, work the metal lightly upon the po- 
lifher round and round., carrying the edges of the fpecu- 
lum, however, not quite half an inch over the edge of 
the tool, and now and then with a crofs ftroke. 

The firft putty, and indeed all the fucceeding appli- 
cations of it, fliould be wrought with a confiderable 
while; for if time be not given for the putty to bed it- 
felf in the pitch, and any quantity of it lie loofe upon the 
polifher, it will accumulate into knobs, which will in- 
jure the figure of the metal : and therefore asoften as ever 
fuch knobs arife, they muff be carefully feraped off with 
the point of a penknife, and the loofe fluff taken away 
with the bxufh. After the putty is well wrought into the 
pitch, fome more may be added in the fame .manner, but 
¥©l„ LXVIL Uu 
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never much ?.t a time, and always remembering to work 
upon it firft with the bruifer, for fear any gritty particles 
may find their way upon the polifher. If the bruifer be 
apt to flick, and do not Aide fmoothly upon the pitch, the 
furface of either tool may be occafionally brufhed over 
with the foap and water, but it muft be remembered that 
the wet bruftt muft be but lightly rubbed upon the foap. 

In the beginning of this procefs little effedt is pro- 
duced, and the metal does not feem to polifli faft, in fome 
meafure owing to its taking the polifh in the middle, and', 
perhaps becaufe neither that nor the bruifer move evenly 
upon the polifher but a little perfeverance will bring the 
whole into a good temper of working; and, when the- 
pitch is well defended by the coating of the putty, the 
procefs will advance apace, and the former acquiring pof- 
fibly fome little warmth, the metal moves more agreea- 
bly over it, with an uniform and regular fridlion. All this . 
while the metal muft have no more preffure than that 
which it derives from its own weight and that of the. 
handle; and the poliiher muft never be fufFered to grow 
dry, but, as often as it has any tendency to do fo,the edges 
of it muft be moiftened with the hair-pencil; and now 
and then, even when freih putty is not laid on, the fur- 
face of the polifher fhould be touched with the brufh to 
keep it moift.' 

4 
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When the polilh of the metal nearly reaches the 
edge (for it always, as I laid before, begins in the mid- 
dle) you muft alter your method of working ; for new 
the round ftrokes muft be gradually altered for the 
fhort and ftraight ones. Supposing then you are juft 
beginning to alter them ; after having put on frefh putty, 
and gently rubbed it with two or three ftrokes of the 
bruifer, you place the metal on the tool, and after a ftroke 
or two round and round, give it a few' forward and back- 
ward, and from fide to fide, but with the edges very little 
over the tool; then having turned the metal one-eighth 
round in your hand, and having moved yourfelf as much 
.round the block (which muft be remembered throughout 
the whole procefs) you go on again with a ftroke or two 
round, to lead you only to the crofs ftrokes, which are 
now to be principally ufed, and with more boldnefs. 
After this has been done feme time, the metal- will begin 
to move ftiffly as the fridtion now increafes, and the fpe- 
culum polilhes very beautifully and faft; and the whole 
furface of the polifhing tool will he equally covered over 
with a fine metallic bronze. The tool even now muft 
not.be fuffered to become dry; a fingle round ftroke in 
each of your ftations and turnings of the metal will 
be fufficient, and the reft muft all be crofs ones, for we 
are completing a circular figure. You muft now be very 

U u 2. diligent, 
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diligent, for the polifher drying, and the friCtion in- 
ereafing very fail, the bufinefs- of the fpherical figure is 
-nearly at an end. As the metal Wears- much, its furface 
muft be now and then cleaned, with a piece of fhammy 
leather, from the black fluff which collects upon it; and. 
the polifher likewife from the fame matter, with a foft 
piece of wet fponge. You will now be able to judge of 
the perfect fpherical figure of- the metal and- tool, when 
there is a perfect correfpondence between the furfaces, 
by the fine equable feel there is in working, which is 
totally free from all jerks and inequalities. Having pro- 
ceeded thus far, you may put the laft finifhing to this 
figure of the metal by hold crofs ftrokes, only three or 
four in the directions of each of the eight diameters, 
turning the metal at the fame time : this muft be done 
quickly, for it ought, in this part of the procefs particu- 
larly, to be remembered, that, if you permit the tool to 
grow quite dry, you will never be able, with all your 
force, to feparate that and the metal, without deftroying 
the polifher- by heat; 

The metal has now a beautiful polifh and a true 
fpherical figure, but will by no means make a fliarp dif- 
tinCl image in the telefcope: for the fpeculum (if it he 
tried in the manner hereafter recommended) will not be 
found to make parallel rays converge without great 

aberration ; 
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aberration; indeed the deviation will be fo great, as to be 
very fenfibly perceived by a great indiftinCtnefs in the 
image.. 

How to give the parabolic figure to the metal . 

In order then to give the fpeculum the laft and.finifh- 
ing figure, which is- done by a few ftrokes, it muft be 
particularly remarked,- that by working the metal round 
and round, the fphere of the polifher by. this means 
growing lefs, it wears- faftefl: in the middle:: and as a 
fegment of a fphere may become parabolic, by open- 
ing the extremes gradually from- within outwards, fo 
it may be equally well done by increafing the curva^ 
ture in the middle, in a. certain, ratio, from without in- 
wards. 

Suppofing then the metal' to be now truly fpherical, 
Hop the hole in the polifher, by forcing a cork into it 
underneath, about an inch, fo that it do not reach quite 
to the furface; and having walked off any mud that may 
be on the furface. of the tool with a wet foft piece of 
fponge, whilft the furface of it is a little moift, . place the 
center of the metal upon the fniddle of. the polifher ;. 
then having, with the wet brufh, lodged as much water 
round the edge o.f the metal as the projecting edge will- 

hold,. 
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hold, fill the hole of the metal and its handle with water^ 
to prevent the evaporation of the moifture, and the con-* 
fequent adhefion between the ipeculum and poliiher, and 
let the whole reft in this ftate two or three hours : this 
will produce an intimate contact between the two, and 
by parting, with any degree of warmth they may have 
acquired, by. the vicinity of the operator, they will grow 
perfectly cold together. 

By this time you may pufh out the cork from the po~ 
liflier, to difcharge’the water, and give the metal the pa- 
rabolic figure in the following manner. 

Move , the metal gently and flowly at firft, a very little 
round the centre of the poliiher (indeed after this reft it 
will move ftiffiy) then increafing by degrees the dia- 
meter of thefe ftrokes, and turning the metal frequently 
round its axis, give it a larger circular motion, and 
•this without any preffure but its own weight, and 
holding it loofely between the fingers: this manner 
of working may fiafely be continued about two mi* 
nutes, moving yourfelf as ufual round the block, 
and carrying the round ftrokes in their inereafed 
and largeft ftate, not more than will move the edge 
;of the metal half an inch or five-eighths over the tool* 
The fpeculum muft not all this while be taken off from 
the poliiher; and conlequently no frefh putty can be 

added. 
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added. It will not be fafe to continue this motion longer 
than the time above-mentioned ; for if the parabolic ten- 
dency be carried the leaf! too far, it will be impoffible to 
recover a true figure of that kind but by going through the 
whole procefs for the fpherical one in the manner before 
defcribed, by the crofs ftrokes upon the polifher, w-hich 
takes a great deal of time. However, when there is occa- 
iion, it may be done; and I have myfelf feveral times 
recovered the circular figure, when I had inadvertently 
gone too far with the parabolic ; and ultimately .finifhed 
the metal on the polifher without the ufe of the hones* 

try the true figure of the metal. 

It will now he proper to try the figure of the Ipecu- 
lum, and that is always beft done by placing it in the 
telefcope it is intended for. In order to this, I ufe the in- 
ftrument as a kind of microfcope, placing the objedt, 
however, at fuch a diftance that the rays may be nearly 
parallel. At about twenty yards a watch-paper, or fome 
fuch objedt, on which there are. fome very fine hair 
ftrokes of a graver, is fixed up. The lead nmft be then 
taken off from the back of the fpeculum ; which is beifc 
done by placing. the edge of a knife at the junction of: 
the lead and metal, when, by ftriking the back of it with a- 

flight 
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flight blow, the pitch immediately feparates, and the 
handle drops off; the remaining pitch may be fcraped 
off with a knife, taking care that none of the duft flick 
to the polilhed face of the metal. 

Having placed the fpeculum in the cell of the tube, 
and directed the inftrument to the objecft, make an annu- 
lar kind of diaphragm with card-paper, fo as to cover a 
circular portion of the middle part of the metal between 
the hole and the circumference, equal in breadth to about 
an eighth part of the diameter of the fpeculum : this 
* paper ring fliould be fixed in the mouth of the telefcope, 
and remain fo during the whole experiment, for the part 
of the metal covered by it is fuppofed to be perfect, and 
therefore unemployed. 

There' muft likewife be two other circular pieces of 
card-paper cut out, of fuch fizes, that one may cover the 
center of the metal by completely filling the hole in the 
laft defcribed annular piece; and the other, fuch a round 
piece as fliall exactly fit into the tube, and fo broad as 
that the inner edge may juft touch the outward circum- 
ference of the middle annular piece. It would he con- 
venient to have thefe two laft pieces fo fixed to an axis 
■that they may be put in their places, or removed 
from thence fo eafily as not to difplace or fliake .the 
■ - 3 , inftrument. 
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znftniment. Ail thefe pieces therefore together will 
completely ilrut up the mouth of the telefcope. 

Let the round piece wliich covers the center cf the 
metal, or that which has no hole in it, be removed ; and,, 
by a nice adjuftment of the ferew, let the image (which 
is now formed by the center of the mirror) be made 
as fharp and diftinft as poftible. This being done, 
every thing elfe remaining at reft, replace the central 
piece, and remove the outfide annular one, by which 
means the circumference only of the fpeculum will be 
expofedy and-, the image now formed will be from the 
rays reflected from the outfide of the metal. If there be 
no occafion to move the ferew and little metal, and the 
two images formed by thefe two portions of the metal 
be perfectly fharp and equally diftinsft, the fpeculum is 
perfect, and of the true parabolic curve; or at leaft the 
errors of the great and little fpeculum, if there be any. 
are corrected by each other. 

If, on the contrary, under the laft circumftance, the 
image from the outfide of the metal fhould not be dif- 
tinfft, and it fhould become neceflary, in order to make it 
fo, that the little fpeculum be brought nearer, it is plain 
that the metal is not yet brought to thmparabolic figure;, 
but if, on the other hand, in order to procure diftimflnefs, 
you he obliged to move the little fpeculum farther off, then 
the figure of the great fpeculum has been carried beyond 
Vol LXVIL X x the 
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the parabolic, and hath, a {Turned, an hyperbolic form* 
When, the latter is the cafe, the circular figure of the- 
metal muft be recovered (after having fixed on the han- 
dle with. foft pitch) by bold croft ftrokes upon the po— 
lilher, finifhing it again in the manner above defcribed. . 
If the fpeculum be not yet brought to the parabolic form, 
it muft cautioufly have a few more round ftrokes upon 
thepol-ifher; indeed avery few of them in the manner be- 
fore defcribed make in effect a greater difference in the 
fpeculum than would be at firft imagined. If a metal of 
a true fpherical figure were to be tried in the above men- 
tioned manner in the telefcope (which I have frequently 
done) the difference of the foci of the two fegments of 
the metal would be fo confiderabie, as to require two or 
three turns of the fcrew to adjuft them ; fo very great is 
the aberration of a ipherical figure of the fpeculum, andfo 
improper to procure that fliarpnefs and precifion fo ne— 
ceffary to a good reflecting telefcope. 

This is by no means the cafe with the objedt glafles of 
refractors; for befides that they are in faCt never fo dis- 
tinct as well-finiflied reflectors, the apertures of them ; 
are fo exceedingly finall, compared to the latter, and the 
number of degrees employed lb very finall, that the in- ■ 
convenience of a Ipherical figure is not fo much per- 
ceived. Accordingly we obferve in the generality of 
3 refledors 
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reflectors (whofe fpecula, unlefs by accident, are always 
fpherical) that the only true rays which form the dif- 
tinct image arife from the middle of the metal : and un- 
lefs the defeCt be remedied by a confiderable aperture, 
which defiroys much light, the falfe reflection from the 
infide of the metal produces a grevifh kind of hazinefs, 
which is never feen in Mr. short’s or indeed in any 
good telefcopes. 

Suppofing that the two foci of the different parts of the 
metal perfectly coincide, and that, by the union of them 
when the apertures are removed, the telefcope fhews 
the objects very fliarp and diftinct, you are not however 
even then to conclude that the inftrument is not capable of 
farther improvement; for you will perceive a fenfible 
difference in the fharpnefs of the image, under different 
pofitions of the great fpeculum with refpeCt to the little 
one, by turning round the great metal in its cell, and 
oppofing different parts of it to different parts of the little 
metal, correcting by this means the error of one by the 
other. This attempt fliould be perfevered in for fome 
time, turning round the great fpecplum about one-fix- 
teenth at a time, and carefully obferving the molt diftinCt 
fituation each time the eye-piece is fere wed on: when, 
by trying and turning the great metal all round, the 
diftinCteft pofition is difeovered, the upper part of the 

X x 2 metal 
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metal fhould be marked with a black ftroke, in order 
that it may always be lodged in the cell in the fame por- 
tion. This is the method Mr. short always ufed ; and the 
caution is of fo much confequence, that he thought it 
neceffary to mention it very particularly in his printed 
directions for the life of the inftrument. 

And farther, Mr. short frequently corredted the 
errors of the great by the little metal in another way. If 
the great fpeculum did not anfwer quite well in the tele- 
fcope, he cured that defect fometimes by trying the effedfc 
of feveral metals fucceffively, by this means correcting 
the errors of one by the other; for in feveral of his tele- 
fcopes which have palled through my hands, when 
the fizes and powers have been the fame, I have found 
that the great metals, though very diltinct in their pro- 
per telefcopes, yet have, when taken, out and changed 
from one to the other, fpoiled both .telefcopes, render- 
ing them exceedingly mdiftinct, which could arife from 
no other circumftance. For this reafon I fuppofe it 
was, that he kept, ready finifhed, a great many large 
metals of the fame focal length, fo that, when he wanted 
to mount a telefcope, he might from a great choice, 
be able to combine thofe metals which fuited each 
other heft. I am ftrongly inclined to believe this was the 
tcafe, not nnly from the above obfervatioq, but becaufe 

.he 
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'lie fhewed me himfelf a box of finilhed metals, in which 
I am fure there were a -dozen and a half of the fame focal 
length. 

To return : a little rife in working will make the whole 
c-f the procefs of grinding and polifhing very eafv and 
certain ; for though I have endeavoured to be as particu- 
lar as I can (I am almoft afraid too much fo) it is yet 
fcarcely poffible to fupply a want of dexterity, arifing 
from habit only, by the moll laboured and minute de- 
fcription. And though the above account may appear 
irkfome to the reader, as it lies cold before the eye, I am 
very fure, whoever attempts to make the inftrument, 
will not complain of it astedioufly particular, 

I will, however, farther remark, that when the metal 
begins to move ftiffiy upon the polilher, and particularly 
when the figure is almoft brought to the parabolic form, 
it will be neceffary to fix the elbows againft the fides, in 
order to give momentum and equability to the motion 
of the hand by that of the whole body. 

The fame polilher will ferve for feveral metals, if it 
be fomewhat warmed when you begin to ufe it. 

There is another circumftance, and a material one 
too, which muft not be omitted; it is this. For the very 
feme reafon that the pitch Ihould not be too hard or foft, 
.the work will not proceed well in the heat of fummer, 
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or the cold of winter : in the latter, it may he poffible to 
remedy the defedt by having the room warmed with a 
ftove ; and in the fummer, the other inconvenience may 
perhaps be avoided by tiling a harder kind of pitch ; but I 
much doubt in either cafe whether the work will go on 
fo kindly : I have myfelf always wrought in' fpring and 
.autumn. 

The procefs of polifking, and indeed grinding upon 
the hones, v r ill not go on fo well if it be not continued 
uninterruptedly from beginning to end ; for if the work 
of either kind be left but for a quarter of an hour, and 
you then return to it again, it will be fome time beiore 
the tool and metal can get into a kindly way of working; 
-and till they do, you are hurting what was done before. 

I have all along fuppofed that the metal we have been 
working was about four inches diameter : if it be either 
larger or fmaller, the fees of the hones, bruifer, and po~ 
lifher, muff be propordonably different. I never find any 
.ill confequence arifing from the different expanfion from 
heat and cold in any of the tools, though they be made of 
different metals and fubftances, unlefs the inconvenience, 
occafioned by the interruption before hinted at, be thought 
to refult from thence ; for the alteration produced in the 
furface of the fpeculum, both by grinding and polifhing, 
is fo much quicker than any that can be fuppofed to arife 

from 
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from the former caufe, that it is never attended with any 
practical corffequence. 

Magnifying very minute objects, and particularly read- 
ing at a diftance, have been generally confidered as the 
fureft tells of the goodnefs of a telefcope ; and indeed 
when the page is placed at a great diftance, fo that the let- 
ters fubtend but a very fmall angle at the eye, if then they 
appear with great precifion and fharpnefs, it is moft pro— 
hable that the inftrument is a good one. But we are, ne- 
verthelefs, fometimes apt to be deceived by this method; 
nor is it always poffible to determine upon the different 
merits of two inftruments of equal power, by this mode 
of examination for when the letters are removed to the 
ntmoft extent of the powers of the two inftruments, the 
eye is apt to be prejudiced by the imagination. If two or 
three words can be here and there made out, all the reft: 
are guelfed at by the fenfe; infomuch that an obferver, 
zealous for the honour of his inftrument, is very apt to • 
deceive himfelf in fpite of his intentions. The furer teft is- 
by figures, where you can procure no aid from this fort' 
of deception. In order to examine my reflecting tele— 
fcopes s I made upon a piece of copper and on a black 
ground, fix lines con filling of about twelve pieces of gold . 
figures, and each line of figures differing in magnitude, . 
from the fmalleft that could . be . diftin&ly made to thofe 

off 
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of about two-tenths of an inch long; moreover, the 
figures in the feveral lines were differently difpofed, and 
the firm of each line alfo differed. It is evident that by this 
method all guefs is precluded ; and that of two inftraments,, 
of the fame powers, that which can make out the leaft. 
order of figures, which will be known by the fum, is the' 
beft telefcope. Such a plate I caufed to be fixed up for 
experiments againft the top of a fteeple, about three hun- 
dred yards North of my houfe; and it will ferve to give 
fome idea of the diftindtnefs with which very fm all figures- 
could be made out at that diftance,, by faying, that in a 
clear Hate of the air, and with the Sun behind me, with 
a telefcope of eighteen inches focal length, which Count 
bruhl did me the honour to accept and now has in his- 
pofieffion, I have feen the legs of a fmall fly, and the 
fhadows of them, with great precifion and exact nefs. 

I cannot conclude without indulging myfelf in an ob~ 
fervation on the amazing fagacity of Sir Isaac newton 
in every fubject upon which he thought fit to employ 
his attention. It was he who firft propofed, and indeed 
pradtifed, the poliihing with pitch ; a fubftance which at 
firft fight perhaps every one but himfeif would have 
thought very improper, from its foftnefs, to produce that 
correctnefs of figure fo neceflary upon thefe occafions 
and yet I do believe, that it is the only fubftance in nature 
. 2 - that 
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that is perfectly well calculated for ther purpofe ; for at 
the fame time that it is foft enough to fuffer the putty to 
lodge very freely on its furface, and for that reafon to 
give a moft tender and delicate polifli ; it is likewife 
totally inelaftic, and therefore never, from that princi- 
ple, fufFers any alteration in the figure you give it. If 
the firft makers of the inftrument, therefore, had given 
proper credit to, or had fimply followed the hint Sir 
Isaac gave, it would have faved them infinite trouble, 
and they would have produced much better in ftruments ; 
but the pretended refinement, of drawing a tindture 
from pitch with fpirits of wine, affords you only the re- 
fiiious, hard, and untradtable part of the pitch, divefted 
of all that part of its original fubftance which is neceflary 
to give it that accommodating pliability in which its 
excellence confifts. 

It is needlefs to fwell this account with a detail of the 
procefs for polifhing' the little fpeculum, as it mult be 
conduced in the fame manner which has been already 
defcribed in that of the large one ; only obferving, that 
as the little metal has an uninterrupted face, without a 
hole, fo there is no occafion for one in the poliflier; and 
likewife that, as a fpherical figure is all that need here be 
practically attempted, fo the difficulty in finifhing is infi- 
nitely ffiort of that of the other* 

Vol. LX VII. Y y 
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As it is always neceffary to folder to the back of the 
little fpeculum a piece of brafs, as a fixture for the fcrew 
to adjuft its axis r I fhall juft hint a fafe and neat method 
of doing it, which may be very ufeful to the optical or 
mathematical inftrument-maker upon other occafions. 
Having cleaned the parts to be foldered very well, cut out 
a piece of tin-foil the exact fize of them then dip a fea- 
ther into a pretty ftrong folution of fal ammoniac in wa- 
ter, and rub. it over the furfaces to be foldered;. after 
which place the tin-foil between them as faft as you can 
(for the air will quickly corrode their furfaces fo as to 
prevent the folder taking), and give the whole a gradual 
and fuf&cient heat to melt the tin. If the joints to be 
foldered have been made very flat, they will not be. 
thicker than a hair : though the furfaces be ever fo ex- 
tend ve, the foldering may be conducted in the fame man- 
ner, only that care muffc be taken, by general preffure, to 
keep them clofe together. In this manner,. for inftance, 
a filver graduated plate may be foldered on to the brafs 
limb of a quadrant, fo as not to be difcemable by any- 
thing but the different colour of the metals. This me- 
thod was communicated to me by the late Mr. jackson,, 
.who during his life kept it a fecret, as he ufed it in the 
cQnftrudtion. of his quadrants, and is, I believe, not as yet 
known to any workman. 


In 
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In the annexed plate are figured the fhape of the 
leaden tool for rough-grinding; the hones; and the ap- 
paratus to be applied to the month of the telefcope, to 
afcertain the true figure of the fpeculum. 

POSTSCRIPT. 

It was.fome time after I had written the above account 
that I faw Mr. short’s method of polifhing object glafles 
for refracting telefcopes, which is publifhed in the Tran- 
faCtions. By that paper I find that what I before 
ftrongly fufpedted is really the cafe, mz. that he knew 
how well pitch was calculated for purpofes of this kind. 
Only it may be remarked, that as glafs is much harder, 
polilhes much flower, and confequently does not wear 
away and alter its figure fo foon as the metal of which 
the fpeculum is made ; and as at the fame time (on ac- 
count of the very fmall apertures allowed to telefcopes 
of this fort) nothing more than a fpherical figure is pro- 
pofed; he is therefore obliged to ufe pitch in a hard, 
friable, and ftubborn ftate : whereas, confidering the de- 
licate fubftance of the metal fpeculum, and the figure 
intended to be given to it, the foft pitch of the common 
fort, by fuffering the putty to bed itfelf in its fubftance, 

Y y a produces 
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produces the nioft beautiful polifh ; and by its pliability 
is better calculated for that mutual accommodation be- 
tween polifher and metal, fo neceffary to the figure pro- 
pofed.. 


EXPLANATION OF THE FIGURES. 

Fig. i . The grinder for working off the rough face of 
the metal; the black ftrokes reprefent deep grooves, 
made with a graver. 

Fig. 2. The bed of hones, which is to complete the 
fpherical figure of the fpeculum, and to render its 
furface fit for the polifher. 

Fig. 3. An apparatus for examining the parabolic figure 
of the fpeculum. 

a a The mouth of the telefcope, or edge of the great- 
tube. 

RB A thin piece of wood fattened into, and flufh with the 
end of the tube; to which is permanently fixed the. 
annular piece of pafte-board cc, intended to cover,., 
and to prevent the action of the correfponding part: 
of the fpeculum. 


% 
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D Another piece of pafte-board, fixed by a pin to the 
piece of wood bb, on which it turn. 5 ? as on a center; fo 
that the great annular opening hh may be fhut up by 
the ring it, or the aperture gg by the imperforate 
piece e in fuch manner that, in the firft inftance, the 
reflexion may be from the center, and in the latter 
from the circumference, of the great fpeculum. 
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XVII. Extract of a Reglfter of the Barometer , fhevmo ~ 
meter , and Rain , at Lyndon, in Rutland , , 1776. By 
Thomas Barker, EJ quire . Communicated by Sir John 
Pringle, Bart . P . R . S . 

* 1 ^ • * 1 rJi > . ’> • 

- - * ^ 

c- , * *• ^ 

~'i- Read- .-FeBtuaryho, 1776; 



29,65 28^88 29,27 
29,50 28,24 28,89 
29,95 2S >5° 29,46 
2 9>94 29,00 29,58 
29,99 28,73 29,57 
29,87 29,04 29,42 

29.86 29,03 29,45 
29,83 29,00 29,41 

29.93 28,75 29,40 

29.87 29,06 29,56 

29,85 28,60 29,42 

29.94 28,73 29,43 


Thermometer. 

Rain. 

In the Houfe. 
High. Low. |Mean 

Abroad* 

High, Low.jMean 

j 

1 


44 1 24 

45 25 

531 3 H 
55 40 

54 i 43 
.571 44 
62| 47 
66 48 

66 55 i 
6 9f 57 i 
65 57 

68 f 59l 
7° 57 
75 59 

62 52I 

64 541 

57 i 4 8 
58 4 s 
5 2 37 

52 37 

48^ 34 
49 I 34 


! 33 45 

39 44 

40 45 2 

44l 47 1 

46 6a| 

50 52 

5i| 64! 
J*i 58 
53 76 

59 62 

61 75 

62 63I 

.64 80 

61 63! 

62| S 2 § 

57 1 60 
58I 69 
52! 53 
532 62 
45f . 54 
46 54 

4 2 l 49 
43 1 5 2 


16 29 

n 35 
27 4ii 
27 38 

37 48| 

3i 4 2 1 
42 55 

38 47 

3 s 57 
48| 54 
54 64I 

53 58 

65 6 9 | 

46 54 

58 § 66 
37 49i 

5 2 l 61 

3 6 451 

48 54 

26I 38! 
3 2 2 44 
2I| 37 
4 °i 


2 ,5” 

3, *95 
1,518 
0,887 
1,627 
2,485 

1,850; 

| 

5,2°°! 
2,452 
2,06 X 

; 

2,823! 

1,233 ; 
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The year began wet, but there foon fell a greater quan- 
tity of fnow than for feveral years paft we had perhaps 
the fharpeft froft fince 1740,- and it -was more intenfe- 
at the latter part of it than at the beginning. The froft 
went away finely the beginning of February, and without 
much rain till the fnow was almoft gone 7 hut a good deal 
of the middle of February was ftormy and wet, and it was 
chiefly wet till about ten days in March, yet not cold,. 
Then the feafon grew dry ; the feed-time was fine, plea- 
fant, growing warmer, and in the middle of April hot. 
There was great plenty of bloffoms of all forts, and the 
grafs came on well ; but the wAeat, which had been left 
thin by the great froft and fnow, was rather hurried on 
too faft. It grew colder at the end of April, and was cool 
and dry moft part of May, with chiefly Northerly winds. 
During this time the wheat mended much, but rain 
began to be wanted, of which there came fome in June,, 
and brought on both corn and grafs. The latter end of 
that month and July were only fhotvery and hotter, fo 
that the hay was got in well ; and toward the end of July 
and beginning of Auguft, the ground began to burn, 
pretty much,, when after fome very hot days there came 
a great deal of wet. 

The courfe of the feafons this year was I believe the 
fame in all places. Dry fpring and beginning of fummer, 
fhowery June, drier July, very hot beginning of Auguft, 
5 and 
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and wet after; but in different proportions in various 
places. In fome, as Leicefterfhire and N orthamptonfhire, 
the drought fo much prevailed that the ground was 
greatly burnt, and hay very fcarce ; on the other hand 
here and in Huntingdonfhire, there were fo many refrelh- 
ing iliowers that we never were in want of grafs. 

The beginning of harveft was wet, and the reft 
fhowery. I believe a little of the wheat might grow, but 
in general the grain was pretty well got in. It was a re- 
markably plentiful year for aimoft all kinds of fruit; 
the crop of grain was pretty good, efpecially the barley; 
and there were great quantities of latter grafs and tur- 
nips. In the middle of September the weather grew 
fairer; it was a fine latter end of the year and wheat 
feed-time, without too much rain intermixed. As the 
winter came on, it was chiefly calm, and there was much 
cloudy or mifty weather, fcarce any frofty mornings till 
near the end of November; a fhort froft then and mild 
again; but towards the latter half of December it began 
to be more inclined to froft, and the year ended with a 
fharp one, and pretty deep fnow. 
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XVIII. 'Extract of a Meteorological Journal for the 2 'ear 
1 77 6, kept at Brifcol, hy Samuel Far:., MD. 


Read February 2 *]> 1777* 




Barometer. 


Months. 

Higheft. 

Low eft. 

Mean. 

Viciffitude, 

January 

29.93 

29,04 

29,53 

47- i 

ft 

February 

29,74 

28,66 

29,22 

102-2 

+ 

March 

30,28 

28,80 

29.53 

1 10-2 

ft 

April 

30,28 • 

29,26 

29,85 

68-2 

May 

3°. 3° 

29,10 

29,88 

50- § 

June 

30,20 

29,38 

ro 

vo 

00 

00 

39 _I f 

J^y 

30, 1 6 

29,30 

29,76 

40-x| 

Auguft 

30,08 

29,3° 

29,68 

30- i 

September 

3O32O 

20,17 

29,72 

98-4 

+ 

October 

30, 1 8 

29. 60 

29.87 

54 -x 

ft 

November 

3 W 

28,90 

29*74 

65- i 
+ 

December 

30,28 

29,26 

29,76 

3a- 1 

4- rifing. 
— falling. 
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Dr. fare’s Meteorological Journal. 


An abridged Table of the winds, Etc. for Bristol, for 

the Year 1775. 



N 

£ 

-> 

w 

s 

NW 

SE 

NE 

SW 

Rain. 

p d 

Kfl “ 

Thunder, &c, 

fan. 

O 

I 

0 

0 

1 

2 

3 

23f 

3 

3>993 

25 

6 


Feb. 

0 

O 

0 

if 

I 

3l 

2f 

■ 20f 

5.53 s 

I 

5f 

5- S.W. 

Mar 

a 

H 

O 

if 

i§ 

n 

0 

7f 

l6 

*>643 

ol 

i3f 


Apr. 

** 

1 

1 

2 

2 

4 

2 

io§ 

8§ 

°j 43 s 

I 

18 


May 

2§ 

Z 

X 

2 

2-1 

4 

I 

Hf 

7 

1,149 

0 

i3f 


June 

X 

1 

2 

O 

0 

0 

2 

s 

Sf 

i3f 

2,554 

0 

i3f 

13 . s. 

July,: 

0 

O 

1 

2 

3 

3 

5 

1 i 

i8f 

2 ,33 2 

0 

i3 

5. S.E. 19. S.E. 
f 6. N.W. 16. S.W. 

Aug. 

i 

1 

2 

I 

2; 

1 

5 

6§ 

3 I 

14 

; 4s 747 

1 

uf 

1 30.S.W. 

Sept. 

0 

O 

O 

1 

4 

3 

10 

I2| 

3, 2 7° 

5 

i5f 

4. N.W. 8. N.W. 

o a 

0 

if 

O 

*§ 

3f 

4 

l 3 

7f 

1,686 

4 

6 


Nov. 

1 

0 

X 

2 

0 

2 

13 

1# 

12 

2,283 

5 

i°i 

30. S.E. 

Dec. 

31 

1 

I 

2 > 

1 

2 

3f 

I0 ! 

2 

10 

1,422 

9 

1 1 

1 1. S.E. 


9i 

Si 

3, 

17 

34 

59f 

9 if 

143 ■ 

3h°55 

53f 

*37f 



WEATHER FOR THE YEAR 177 6.- 

January. It rained a little at fir ft;, but fbon changed' 
to fnow, which was fuceeeded. by a hard: froil that 
lafted till the next month.. 

February. After the thaw _ it became very wet and, 
tempeftuous. 

March. Often frofty and fair, with now and then a 
eonfiderable ftorm, as on the 8 th and 9th* 

3 April. 
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April. Stormy, although but little rain fell for about 
half this month; after the 20th it was quite fair. 

May. After this it was ftormy, with feme rain on the 
4th, 5th, 6th, 8th, nth, 19th, and 20th, but not much; 
the reft of this month was fair. 

June. Very wet for 7 or 8 days, and on the 10th, 
1 ith, and t 2th, and alfo from the 14th to 17th; it was 
then fair to the 23d; rained then and on. the 2.4th and 
27 th. 

July. Very wet and cloudy, with thunder, &c. on the 
5th and 19th; very few days fair till the 2 2d; after 
which it was in general fair this month. 

Auguft. Very fine for a few days; but afterwards it 
became wet and ftormy till the 20th ; after which it was 
in general fair. 

September. Stormy for fome days ; fair on the 8 th and 
9th; frofty on the 10th, and then fair to the 15th; wet 
to the 1 8th ; and then fair to the end. 

October. Dry though cloudy, with a little rain for 
7 or 8 days; after which it rained part of every day for 
as many more, and then became variable with fome 
frofty nights. 

November. Dry with fome froft and fog, but with 
little rain on the 9th and 1 ith, and for a fortnight after; 

Z z 2 it 
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it next became variable, but generally fair; it rained 

very bard on the 23d and on the 28th. 

December. Wet for a few days and then cloudy, but 
without rain for the firft week ; it was then dry for a few 
days ; it froze on the 1 6th, and fnow fell on the 1 8th ; 
the 19th was fair; it rained afterwards to the 23d, and 
fnowed on the 24th; after which a froft fat in, and con- 
tinued till the end. 
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METEOROLOGICAL JOURNAL 

for January 1776. 



Time* 

Therm* 

without 

Therm. 

within.' 

Barorn. 

Rain. 

A. 

Winds. 

Weather. 

H.M. 



Inches. 

Inch. 

Points. 

Str. 

Jan. 1 

8 

0 

38,5 

39,° 

29,94 


SE 

I 

Cloudy. 


2 

0 

4L° 

40,0 

29,82 


s 

I 

Fine. 

2 

8 

0 

41,0 

4i,5 

29,50 

0,07s 

NNW 

I 

Rain. 


2 

0 

4°,5 

■ 4 i 3>5 

29,69 


NNW 

I 

Cloudy. 

3 

8 

0 

3 6 ,o 

39,5 

3°, °9 

0,065 

NE 

I 

Cloudy. 


2 

0 

3 7,° 

40,5 

3°, I 4 


E 

I 

Fine. 

1 4 

8 

0 

39>° 

38,5 

29,77 

0 

0 

00 

SSE 

1 

Rain. 


2 

0 

44,0 

40,0 

29,50 


S 

2 

Rain. 

5 

8 

0 

44>S 

43,5 

29,40 

9,444 

■SW 

1 

Fair.' 


2 

0 

48,5 

45,5 

29,4s 

* - ■ 

wsw 

I 

Cloudy. 

6 

8 

0 

3 6 ,° 

43,5 

29, 6 3 


wsw 

I 

Fine. 


2 

io 

4L5 

44,o 

29,57 


E by N 

I 

Fair. 

7 

8 

3° 

33,° 

39,5 

29,245 

0,153 

ENE 

2 

Rain. 


2 

O 

3*,° 

38, 0 

2 9>35 


ENE 

2 

Snow* 

8 

8 

O 

3°,° 

34,0 

29,46 

0*229 

NE 

I 

Much fnow laft night. 


2 

O 

32>° 

35*5 

29,49 


N 

I 

Fair. 

9 

8 

O 

3°>° 

34,5 

29,63 

0,079 

N 

I 

Cloudy. 


2 

O 

28,5 

33,5 

29,67 


ENE 

I 

Cloudy. 

10 

8 

O 

3°, 5 

33,5 

29,73 


NNE 

I 

Cloudy. 


2 

O 

33,° 

34,0 ; 

29,73 


NW 

I 

Cloudy. 

11 

8 

O 

3°,° 

3L5 

29,57 


E 

I 

Cloudy. 


r 2 

D 

33> D 

33*1 

29,41 


SE- 

, 1 

(Cloudy, 

12. 

8 

O 

3°,° 

33,o 

29,21 

0*091 

E 

2 

Much fnow and wind hit nt. 


2 

O 

32,0 

3+,° 

29,21 


ENE 

2 

Snow. 

J 3 

8 

0 

3°’° 

32,5 

29,32 


NE 

2 

Much fnow and wind la ft nt. 


2 

O 

29,0 

3 2 ,° 

29,36 


NE 

2 

Cloudy. 


8 

O 

25»° 

30,0 

29,45 


ENE 

2 

Snow. 


2 

0 

26,0 

29,0 

29,49 


NE 

2 

Snow. 

is 

8 

0 

26,0 

29,0 

29,70 


N ' 

I 

Cloudy. 


! 2 

0 

29,0 

3°, 5 

29,70 


ENE 

I 

Snow. 

1 6 1 

S 

0 

25,5 

29,0 

29,71 


NNE 

I 

Snow. 


2 

0 

3°>5 1 

30,5 1 

29,70- 


NE 

JL. 

Snow. 


METE- 
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jTime.jTherm. Therm. Rarom. Rain. Winds, 
without within* 


Weather. 


H M. 



Inches. Inch. Points. JStr. 


NNE j 1 | Cloudy. 
1 

ENE j 1 (Cloudy. 
1 

1 Snow, 

1 Fair. 

1 Fair. 

1 Fine. 

1 Cloudy. 


E 

I 

Fair* 

ME 

I* 

Fine, 

NE 

I 

Fair. 

NNE 

I 

Snow. 

ENE 

O 

Cloudy, 

NE by E 

I 

Fair. 

NE 

I 

Cloudy* 

SE 

X 

Fair. 

E 

I 

Cloudy. 

SSE 

a 

Fine* 

ENE 

2 

Snow. 

ENE 

2 

Snow, 

E 

2 

Snow. 

E 

2 

Fine. 

SE 

I 

Fine. 

SE by.E 

, X 

Fair. 

NE 

I 

Fair. 

£ 

I 

Fine., 

NE 

I : 

Fair. 

E 

; * i 

Fine. 



met e— 
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for February 1776, 



rime. 

Therm.? 

without 

Therm. 

within 

Baroni. 

Rain. 

Winds. 

Weather* 


H.M. 



Inches. 

Inch. 

Points. 

Str. 

Feb* 1 

8 

O’ 

* 4>5 

1 9 ,° 

29,97 


NE 

I 

Fair. 

* 

2 

0 

; 3 L 5 

3 L 5 

29,86 


E 

I 

Cloudy. 

2 

8 

0 

37 ,° 

28.5 

29,78 


NE 

0 

Cloudy. 


2 

0 

40,5 

3 1 , 0 

29,57 


SE by E 

I 

Fair. 

3 

8 

0 

37 ,° 

34,5 

29,34 

0,093 

SSE 

I 

Foe. 


2 

0 

44,o 

3 6 ,° 

29,51 


S by W 

I 

Fine. 

4 

s 

20! 

44,0 

3§?5 

29,22 


sw 

2 

Cloudy. 


2 

0 

48,0 

41,0 

29,22 


sw 

I 

Cloudy. 

5 

s 

O' 

40,5 

42,0 

29,16 

0,153 

wsw 

2 

Fine. 


2 

0 

48,0 

44,0 

2 9> !I 


SWbyW 

2 

Fine. 

6 

8 

0 

37 ,o 

42.5 

,8,98 

0,221 

WSW 

2 

Fine. 


2 

0 

45 ,° 

44,° 

29,02 


WSW 

2 

Fine. 

7 

8 

0 

43,° 

4'2,o 

28,91 


SWbyW 

2 

Fair. 


2 

0 

47,5 

43,5 

29,07 


i>W 

2 

Fair. 

S 

8 

G 

40,0 

42,5 

29,66 

°, I 9 ° 

sw 

I 

Rain. 


2 

O 

49,5 

44,5 

29,62 


ssw 

2 

Cloudy. 

9 

8 

O 

41,0 

44,5 

29,78 

0,190 

ssw 

I 

Fine. 


2 

G 

45,5 

45,5 

29,58 


s 

2 

Cloudy. 

10 

8 

O 

. 42,0 

46,0 

28,99 

0,524 

SWbyW 

2 

Rain. 


2 

O 

48,0 

47,o 

28,97 


SYV 

2 

Fair. 

ii 

8 

O 

42,5 

45,o 

28,84 

0,275 

SW 

2 

Fair. 

- 

2 

0 

45,5 

46,0 

28,84 


SSW 

2 

Rain. 

12 

8 

O 

34,o 

42,0 

29,10 


SSW 

I 

Fair. 


2 

O 

46,0 

44,0 

29,24 


WSW 

I 

Fine. 

t n 

8 

O 

36,5 

42,5 

29,68 


sw 

I 

Fine. 


2 

O 

47,0 

44,o 

29,71 


wsw 

I 

fine. 

14 

. 8 

O 

47,o 

45,o • 

29,51 

0,163 

sw 

2 

Fair, 


2 

O 

5 L° 

4S,o 

29,53 


S by W 

' I 

Fine. 

1 >5 8 

O 

! 38,0 

44 s 5 

29,96 


SSW 

! I 

Fine. 


1 2 

OS 48*0 

46,5 

29,9! 


ssw 

2 

Fain 

l6 

s 

c! 4'2 5 Q 

46,0 

29,75 

0,085 

sw 

I 

Fine. 

\ 

1 2 

0 

49 ? 5 

1 47,5 i 

129,78 1 


sw 

I 

f air. ; 


mete- 
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METEOROLOGICAL JOURNAL 

for February 1776. 



f I 

[Time.! Therm. 

i 

1 Therm. 

i 

[barcm. 

Rain. 

Winds. 





1 without 

[within. 

; ! 

1 i 



i 

Weather. 


H. 

M 

! 

1 ! 

| 

Inches 

Inch, j 

Points. 

Str. 

Feb. 1 7 ; 

S 

O 

3 6 ,o 

43,° 

29,6s 1 

0,021 

ENE 

I 

Rainy. 


2 

0 

l 43’5 

42,5 

29,53 


E 

I 

hair. 

18 

7 

2 

0 

0 

1 35,5 
39,5 

42,0 

42,0 

29,43 

29,25 

0,270 

ssw 

NE 

I 

I 

hair. 

Cloudy. 

! 9 

7 

0 

| 38,5 

42,0 

29,34 

0,14.0 

SW 

I 

Rainy. 

2 

0 

4L5 

4L5 

29,62 

0,089 

NW 

I 

Fair. 

20 

! 7 

0 

4L5 

40,5 

29,775 

s 

I 

Rainy. 


2 

0 

5°,° 

44,o 

29^80 

i 

W by S j 

I 

Fine. 

21 

7 

0 

49,5 

45,5 

29,5s 


wsw 

2 

Cloudy. 


| 2 

0 

54,5 

49,o 

29-50 

! 

w s w 

2 

Fair. 

22 

7 

0 

3 6 >5 

44? 0 

29,63 

0,412' 

SW 

I 

Fine. 


I 2 

0 

45,0 

4 S 5 o 

29,41 


SSE ' 

3 

Rain. 

2 3 

7 

0 

35,o 

; 4°>5 

29,33 

0,148 

WSW 

I 

Fine. 


2 

0 

45,5 

| -44?° 

29,50 


wsw 

2 

Fair. 

24 

7 

0 

; 39,o 

4 1 ? 0 

29,25 

0,079 

SSE 

I 

Rain. 


2 

0 

46,0 

48,0 

29, 10 


WSW 

I 

Rain. 

2 5 

7 

0 

37,o 

40,0 

29,50 

0,102 

N 

I 

Cloudy, 

, 

2 

0 

43,o 

41,5 

29,55 


SSW 

I 

Fair. 

a6| 

7 

0 

46,0 

43,5 

29,18 


SSW 

[ 1 

Cloudy* 

1 

2 

0 

53,o 

46,5 1 

29, r 3 


S by W 

2 

Cloudy. 

2 7 

7 

0 

39,5 

43,0 

29,155 

0,149 

SSW 

2 

Cloudy. 

2 

0 

4 3,o 

45,° 

29,26 


WoW 

2 

i Fair. 

28 

7 

0 

43,0 

43,5 

29,11 

0,140 

SSW 

2 

Fair, 


2 

0 

47,0 

45,5 

29,17 


SW 

2 

Fair. 

29 

7 

c 

38,0 

43,° 

29,35 

O,o66 

ssw 

1 

Fine. 

2 

0 

48,0 

45,° 

29,35 


wsw 

I 

Fine. 


Vol. LX VII, 
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METEOROLOGICAL JOURNAL 


for March 1776. 



p > 229 


0,014 


Winds, 


Points. jStr. 


Weather. 


wsw 

NE 

N 

NNE 

ssw 

ssw 

N 

NNW 

SW 

SW 

SE 

E 

E 

SSE 

SSW 

SW 

s 

ssw 

wsw 

w 

NNW 

NW 

SSW 

ssw 

ssw 

ssw 

N 

N 

w 

wsw 

N 

N 


1 Fair. 

1 Fine. 

1 Fair. 

1 Fair. 

1 Fine. 

1 Fair. 

2 Cloudy. 
2 Fair. 

2 Fair. 

2 Rain. 

1 Rain. 

2 Rain. 

1 Cloudy, 
1 Rain. 

1 Fine. ’ 

2 Fair. 

2 Fair. 

2 Fair. 

1 Fair. 

1 Fine. 

1 Fine. 

1 Fine. 

1 * Cloudy. 
1 Rain. 

1 F air. 

1 Fair. 

1 Fair. 

1 Fine* 

1 Fine, 
l Cloudy. 

1 Fine. 

1 Fine. 



METE' 
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METEOROLOGICAL JOURNAL 

for March 1776. 



Time, 

Tfarem, 

without 

Therm. 

within. 

Barom. 

Rain. 

Winds. 

Weather. 

H.M. 



Inches. 

Inch 

Points. 

Str. 

Mar. 17 

7 

0 

3 8 =° 

46,0 

3°=3° 


s 

1 

Fine. 


2 

0 

53=5 

4 8 =5 

30=3° 


wsw 

1 

Fine. 

18 

7 

0 

3+=° 

45>° 

30,18 


sw 

I 

Fine. 


2 

0 

53=5 

48,0 

3°= I 3 


sw 

I 

Fine. 

19 

7 

0 

47,0 

48 3 0 

30,06 


sw 

1 

Cloudy-, 


2 

0 

s°=° 

46,0 

30=09 


sw 

I 

Cloudy. 

20 

7 

0 

48,0 

49=° 

3°= I 5 


w 

I 

Cloudy. 


2 

0 

55=° 

52,o 

3°= 2 3 


ssw 

I 

Cloudy. 

2 1 

7 

0 

43=5 

49=5 

3°= 2 3 


E 

I 

Fine. 


2 

0 

59=5 

53=5 

30, 20 


sw 

I 

F air. 

22 

7 

0 

49>° 

52,0 

29,96 


sw 

I 

Fine. 


2 

0 

63=5 

6 o 3 o 

29=95 


ssw 

I 

Fine. 

23 

7 

0 

46,5 

49=5 

29,94 


NE 

I 

Fog. 


2 

c 

66,0 

57=° 

29,91 


SW by S 

I 

Fine, 

24 

7 

0 

52=5 

5&=° 

29,94 


NNE 

I 

Fair. 


2 

0 

67=° 

59=° 

29=99 


SE 

I 

Fine. 

25 

7 

0 

45=° 

52,0 

3°=3° 


ENE 

I 

F air. 

; 

2 

0 

49=° 

49,0 

3°=33 


ENE 

2 

Fine. 

26 

7 

0 

37=° 

42,0 

3°=3 8 


NE 

I 

Fair. 


2 

c 

49=5 

46,0 

3°=33 


NE 

I j 

Fine. 

27 

7 

c 

33=5 

42,0 

S 0 ,^ ' 


NNE 

I I 

i 

Fine. 


2 

c 

5 1 =5 

45,0 

30= 0 4 


NNE 

: 1 

Fine, 

28 

7 

0 

4L5 

44=5 

30,01 

0 5 Q29 

NNE 

1 

Cloudy, 


2 

o' 

46,0 

46,0 

3 °=°3 


NE 

1 i 

Cloudy, 1 

29 

7 

o' 

40,0 

44=5 

30,11 


! N 

I : 

Fair. f 


2 

c 

47,5 

46,0 

30, 2° 


NNE 

: I ! 

Fair. j 

3 C 

7 

0 

35=° 

44=0 

3°=37 


S 

I 

Fine, j 


2 

0 

5 6=5 

47=5 

30,38 


N by W 

: I 

Fine. j 

3 1 

7 

39 

44,5 

47=5 

30=43 


wsw 

! I 

Fair. J 


2 

0 

60,5 

5 f = S 

3°=42 


WSW 

I i 

Fine. ; 


A a a a 
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METEOROLOGICAL JOURNAL 

for April 1776. 


K. 

M. 


Apr. 1 7 

O 

44,0 

% 

‘0 

60,0 

2 7 

0 

48,0 

2 

0 

59 j° 

3 7 

0 

4 2 j 5 

2 

0 

62,0 

4 ? 

0 

45 >° 

2 

0 

54»° ' 

5 7 

0 

41-.0 

-Ol 

0 

49,0 

6 7 

0 

4°>5 

% 

0 

47.° 

7] 7 

0 

45 5 

o' 2 

0 

50,5 

B; 7 

0 

45,° 

2 

0! 

5*i5 

9 7 

oj 

39,° 

2 

0 

39>° 

xo 7 

0 

34.5 

2 

0! 

4^v5 

I I 7 

°i 

44.5 

2 

Oi 

t 

54?° 

12 7 

°j 

44,0 

2 

0! 

53>5 

J 3j 7 

°j 

45.° 

f 2 

0 


14 7 

0: 

43,5 

2 

0! 

57,o 

*5 7 

cl 

+3.5 

2 

0 

5 ^j° 

16 7 

C 

43,5 

■ 2 

°l 

62,0 


Winds. 


Inches. Inch. Points. IStrJ 


Weather. 


46,0 130.0 


WNW 
NW 
0,065 Nw 
tNWbyN 
O.OC2 N 

NNE 

NNE 

N 

NW 

WNW 

sw 

NW 

SSW 

wsw 

0.010 SW 
SW 
E 
S 


SSW 
N 

NNE 
NE 
SW 

w 
N 
N 
N 
N 
N 
svw 

WNW 

NW | 1 jCioudy'. 


Fai 
Fai: 
CIo 
Fail 
Clo 
Fail 
Fail 

2 I Rain. 


METE 
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METEOROLOGICAL JOURNAL 

for April 1776. 


Apr. i ; 


H. M. 

7 

O 

2 

C 

7 

C 

*7 

/ 

i 

°i 

2 

0 


Inch. Points. 


Weathe 


55, ° 

29.S 8 

0,132 

s 

2 

’ 6 o,o 

29,64 


s 

X 

5 8 ,5 

29,64 

0,061 

s 

sw 

0 

X 

5 1 S° 

29^97 


sw 

I 

59>° 

3^0 


ssw 

I 

53»° 

30,04 


sw 

X 

57 j 5 

3°7°7 


w 

I 

5°>5 

3°7 2 7 


N 

I 

57>5 

3°7 3° 


N by W 

I 

54,0 

3°7 3° 


s 

I 

5 8 >5 

3°> 2 5 


N 

X 

53’5 

3 °> 16 


NE 

X 

59>5 

30709 


NE 

I 

55=° 

29795 


NE 

I 

5 8 ’5 

29,88 


ENE 

I 

57’° 

29,86 


SE 

I 

62,0 

29,88 


NW 

X 

49:5 

30, 16 


! N 

I 

55 ,° 

3 0 7 j 9 


N 

I 

5L° 

3°7 3° 


NW 

I 

55 j 5 

3°>3° 


NE 

I 

5L5 

3°>3o 


SW 

I 

57.5 

3° } 20 


wsw 

t I 

5 2 >° 

30,10 


N 

I 

55>5 

3°7 10 


NNW 

1 I 

46,0 

30,18 


NNW 

I 

5LO 1 



NW 

X 


Rain. 

Fine. 

Cloudy. 


M£TE’ 
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METEOROLOGICAL JOURNAL 

for May 1776. 



Time. 

Therm, 

without 

Therm. 

within. 

Barom. 

Rain. 

Winds. 

Weather, 


H.M. 



Inches, 

Inch. 

Points. 

Str. 

May x 

7 

0 

4°>° 

47,0 

3°,2X 


N 

I 

Cloudy. 


2 

0 

5°.5 

49.5 

30,21 


NNE 

I 

Cloudy* 

2 

7 

0 

49>° 

5O3O 

3°, 1 8 


W 

I 

Cloudy. 


3 

0 

643 S 

55?5 

30,11 


SW 

I 

Pine. 

3 

7 

0 

S2,o 

S5>° 

29 ? 70 


SW 

2 

Cloudy, 


2 

c 

60, s 

5735 

29,64 


W byS 

2 

Fine. 

4 

7 

0 

46,0 

50,0 

29377 

•0,094 

NNW 

2 

Fine. 


2 

0 

61,0 

5535 

29365 


WSW 

I 

Fair. 

5 

7 

0 

44>s 

5 2 s5 

29,21 

0,105 

SW 

1 

Cloudy. 


2 

0 

5°.5 

54,o 

29,14 


WSW 

2 

Fine. 

6 

7 

0 

42,0 

4^5 

29,48 

0,242 

NWbyN 

2 

Fine. 


2 

0 

S I >5 

5L5 

29»So 


NW 

2 

Fair. 

7 

7 

0 

4235 

48,0 

29,76 


W by N 

I 

Fair. 


2 

c 

5°.5 

50,5 

29,70 


N by W 

I 

Fair. 

8 

7 

0 

4L5 

48,0 

29,66 

0,167 

N 

I 

Fair. 


2 

0 

52,° 

5LO 

29.67 


NNE 

2 

Fair, Thunder at i. 

9 

7 

0 

453° 

49,0 

29,71 

0,0771 

NE 

I 

Cloudy, 


2 

0 

5 2 3° 

5 1 >5 

29,78 


NNE 

I 

Cloudy* 

10 

7 

0 

46,0 

5030 

30,00 

0,010 

SE 

I 

Fine, 


2 

0 

5 8,0 

53>° 

30.05 


ENE 

I 

Fine. 

11 

7 

c 

4 6 >S 

52,0 


0,071 

N 

I 

Fine, 


2 

0 

59.° 

5i35 

30,22 


NNE 

I 

Fair. 

12 

7 

0 

533° 

54,5 

30,28 


SSW 

I 

Fair. 


2 

0 

62,0 

58,0 

3 0 . 2 9 


SW 

! I 

Cloudy. 

l 3 

7 

0 

49,0 

5 Sj 5 

3°.45 

0,067! 

NE 

I 

Fine,' 


2 

0 

62,5 

5735 

30.46 


IN by W 

I 

Fine. 

1 14 

■ 7 

0 

- 5Ss° 

57,5 

3°.43 


! WSW 

I 

Fair. 

! 

2 

0 

6 3.5 

61,5 

3°.3 6 


N by W 

I 

Fine. 

1 is 

7 

0} 48*0 

54>5 

3°, 1 8 


N 

I 

Rain. 

i 

2 

0 

55.° 

573° 

30,16 


N 

2 

Fair. 

x6! 7 

Oj 463O 

5 8 3° j 

S 0 .^ 

0,010 

N 

I 

F air. 

1 

2 

0 

543° 

1.5435 IJO3O2 | 


N 

I 

Fine. 


:M E-T'E~ 
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l 

METEOROLOGICAL JOURNAL j 

for May 1776. I 



rime. 

Therm. 

without 

Therm* 

witnin. 

Barom. 

Rain. 

mm 

Weather. 

SB 

1 


Inches, 

Inch. 

Points. 

Str. 

May 17 

7 

0 

47,° 

52,0 

30,03 

0,051. 

N 

I 

Fair. 


2 

0 

55>° 

55,° 

30,06 


NbvE 

I 

Fair. 

18 

7 

c 

46,0 

5L5 

30,06 


NEbyN 

I 

Rain. 


2 

c 

5 6 ,° 

53,o 

29,98 


NE 

2 

Fair. 

29 

7 

0 

5 2 ,° 

52,5 

29,91 

0,110 

E by N 

,2 

Fair. 


2 

0 

5 C *° 

53,5 

29,93 


NE 

2 

Rain. 

20 

7 

0 

49,5 

53,5 

30,10 

0 

ON 

EO 

O" 

NNE 

I 

Rain. 


2 

0 

64,0 

57,o 

3°, 1 5 


NE 

I 

Fair. 

21 

7 

0 

47,5 

53,5 

30,255 


NE 

I 

Gtandy r 


2 

is 

5 8 ,5 

56,0 

30,22 


NNE 

I 

Fine. 

22 

7 

O 

47>° 

53,o 

30,15 


K 

I 

Fair, 


2 

O 

6 i ,5 

55,5 

30,07 


NE 

I 

Fine. 

23 

7 

O 

47,o 

52,5 

30,08 


N 

I 

Fair, 


2 

O 

54,° 

53,5 

30,07 


N 

I 

Fair. 

24 

7 

O 

46,5 

48,0 

30,15 


NE 

2 

Fine, 


2 

c 

58,5 

53,o 

30,20 


NNW 

2 

Fine. 

25 

7 

0 

44,0 

49,5 

30,22 


S 

I 

Fine. , 


2 

0 

59>o 

53,5 

30,16 


NNW 

I 

Fine. 

26 

7 

0 

; 53,° 

54,Q 

30,12' 


W 

I 

Fine, 


2 

0 

65,0 

5 § ,5 

3 0 , 1 ! 


WNW 

I 

Fair. 

27 

7 

0 

i S4,o 

57,5 

30,09 


NW 

I 

Cloudy* 


2 

0 

! 64,5 

61,0 

30,06 


SSE 

I 

Fair. 

28 

7 

0 

57,5 

59,° 

30,04 


SE ! 

I 

Fine, 


2 

0 

72,0 

64,0 

30,02 


sw 

1 

Fine. 

29 

7- 

0 

61,5 

61,5 

29,98 , 


SSE 

I 

Fine. 


2 

0 

77,5 

£7,° 

29,97 


s 

I 

Fine. 

4 3° 

7 

0 

62 jO 

66,0 

29,87 


s 

1 ,1 . 

'Fair. . 


2 

0 

66 3 o 

68,0 

29,85 


S by E 

2 

Fair. 

3 1 

7 

0 

60,0 

65,0 

29,86 


S 

I 

Fair. J 


2 

0, 

70,5 1 

1 68,5 

29,87 


ssw 

1 i 

b air. ’ { 


MEiTJE? 
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METEOROLOGICAL JOURNAL 


for June 1776, 


1 

1 nne.i 

Therm. 

without 

Therm. 

within 

Barom. 

Ram. 

Winds. 

j 

Weather. 

H.M. 



Inches 

inch. 

Points. 

Str. 

June 1 

7 

0 

5 S >° 

; 64,5 

29,81 

0,010 

NE 

I 

Cloudy. 


2 

0 

60,0 

65,5 

29,75 


E 

I 

Rainv% 

, j 

2 

7 

0 

57>5 

64,0 

29,90 

0,215 

w 

I 

Pair. 

1 

2 

0 

73 >° 

67,0 

29,92 


E 

I 

Pair. 

3 

7 

0 

60,0 

6 5-5 

29,92 

0,070 

NNE 

I 

Cloudy. 


2 

0 

7 8,5 

7 o ,5 

29792 


E 

I 

Fine. 

4 

7 

.0 

66,0 

70)5 

29) 8 3 


NNE 

I 

Fine. 


2 

0 

74j° 

! 72)5 

29,87 


SWbyW 

I 

Fine. 

5 

7 

0 

61, a 

65,0 

29,82 


sw 

I 

Fine. 


2 

0 

6 3,5 

67,5 

29)75 


sw 

I 

Cloudy. 

6 

7 

0 

.56,0 

63,0 

29 > 5 i 

0,189 

w 

I 

C oudy. 


2 

0! 

59)5 

65,0 

29,48 


NW 

I 

Fair. 

7 

7 

0 

52,5 

61,0 

2 9 )S 9 

0,138 

SW 

I 

Pine. 


2 

0 

53,0 i 

61,5 

29=63 


S by W 

I 

Ram, 

8 

7 

0 

55 )° 

58,0 

29,66 

0,249 

SW 

I 

Fine. 


2 

0 

61,5 

60,5 

29,68 


sw 

I 

Fine. 

9 

7 

0 

55 »=> 

5 8 )5 

29,85 

0,041 

s 

1 

Rain. 


2 

0 

63,0 

61,5 

29,87 


s 

2 

Rain. 

10 

7 

0 

59 )° 

61,0 

30,00 

0,078 

ssw 

! I 

Pair, 


2 

0 

69,5 

63)0 

3°, 00 


ssw 

I 

Fair. i 

11 

7 

0 

5 S P 

61,5 

29,67 

°? 3°7 

SE 

I 

Rain, ; 


2 

c 

67,0 

65,0 

29,64 


1 ssw 

I 

Fair. j 

12 

7 

0 

57 )° 

62,0 

J 9 > 5 6 

0,016 

E ■ 

I 

Rain, ; 


2 

0 

65,5 

64,0 

29)57 


SSE 

I 

Fair. 

i 13 

7 

0 

57 »° 

59 )° 

29,61 


W 

I 

fine. 


2 

0 

97.5 

6 3)5 

29,64 


W 

X 

Fine. 

14 

7 

0 

59)5 

63)5 

29,81 


SW 

I 

Fine. 


2 

0 

7 1,0 

6 5,5 

29,87 


SW 

I 

Fair. 


7 

0 

62,0 

65,0 

29,80 


s 

I 

Fine. 


2 

0 

67,0 

67)5 

29,89 


sw 

I 

Cloudy. 

16 

7 

0 

59 >° i 

65,5 

29)73 


s 

I 

Rain. 


2 

C: 

62,0 j 

66,0 j 

29,72 


ssw 

I 

Cloudy. 
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* i 

* 

METEOROLOGICAL JOURNAL ’ 

j 

for June 1776. 1 



Time. 

Therm* 'Therm, 
without within. 

1 

Barom. 

Ram. 

Winds. 

Weather. 

H. M. 



inches. 

Inch. 

Points. 

Str. 

June 17 

7 

0 

5 7,0 

64,0 

29,82 

0,230 

W 

1 

Fine. 


2 

0 

690 

66,5 

29,99 


W 

1 

Fine. 

18 

7 

0 

5 s , ° 

64,5 

3 °,i 4 


sw 

1 

Fine. 


2 

c 

67,5 

70,0 

30,21 


NW 

1 

Cloudy, 

*9 

7 

0 

61 ,5 

66 3 o 

30,32 


N 

1 

Fine, 


2 

0 

72,0 

69,5 

3°>34 


E 

1 

fine. 

20 

7 

0 

6o ? o 

63,5 

30,27 


ssw 

1 

Fine. 


2 

0 

74 ,° 

68,5 

30,19 


s 

1 

Fine. 

21 

*7 

/ 

0 

64,5 

65,5 

29,94 


s 

1 

Cloudy. 


2 

0 

72,5 

69,5 

29,88 


sw 

1 

Cloudy* 

22 

7 

0 

6 °, 5 

66 ,5 

29,89 


wsw 

1 

Fine. 


2 

0 

68, S 

67,5 

29,90 


W by S 

2 

Fair. 

23 

7 

0 

58,0 

64,5 

29,95 


W by 8 

2 

F air. 


2 

0 

69,5 

66,5 

29,93 


sw 

2 

Fair. 

24 

7 

0 

i 58,0 

54,5 

29,76 


w 

I 

Fine. 


2 

0 

! 67,0 

65,5 

29,87 


sw 

2 

F air. 

25 

7 

0 

1 55 ,o 

62,5 

! 3°,°3 


w 

I 

Fine. 


2 

0 

i 66 5 o 

64,0 

3°, °2 


w 

I 

Fine. 

26 

7 

0 

; 55 >° 

6o 3 o 

29,94 


w 

I 

Fine. 


2 

0 

68,5 

65,0 

29,86 


NE i 

I 

Cloudy. 

27 

1 7 

0 

56,0 

62,0 

29,77 


NE 

I 

Cloudy. . | 


2 

0 

56,5 

63,5 

29,79 


SE 

2 

Rainy. 

28 

7 

0 

53,5 

58,5 

29,87 

0,465 

NNE 

, I 

Cloudy. 


2 

0 

63,0 

67,0 

29,94 


NE 

I 

Fair. . 

29 

7 

Q 

53,5 

59,0 

3°, °3 

0,020 

N 

0 

Cloudy. I( 


2 

0 

63,0 

63,0 

3°,°5 


NW 

I 

F air. , 

3 ° 

7 

O 

57 ,o 

62,0 

30,01 


N 

I 

Fair. ' . 


2 

O 

.71,0 

65? 5 

29,99 


SWbvW 

, I 

F air. 


Yol. LXVII 


B b b 
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METEOROLOGICAL JOURNA! 

for July 1776. 



fime. 

Threm. 

without 

Therm. 

within. 

Barom. 


H.M. 


■ 

In cl 

ics. 


7 0 

2 o 

18 7 3° 

2 o 

19 7 o 
2 o 

20 7 o 
2 O 

217 0 
2 O 
22 7 O 


26 7 

2 

27 7 

2 

28 7 
2 

29 7 

2 

5° 7 

2 

31 7 

2 



29,7! 

29,82 

29,82 

29,7-1- 

29,68 

29,71 

29,81 

29,87 

29*85 

29,80 

29,84 

29,9° 

29.95 

30,03 

30,05 

30.22 

30. 2 3 
3°, 1 3 
30,08 

30,15 

30,18 

30,22 

3°, 1 7 
•30,18 
30,22 

30,31 

30,29 

30.24 

30, 2 1 


Weather. 


W by S 1 
SYvbyW 1 
SW 2 
EKE 1 
S 1 
W by N 1 
W by N 1 
SSW i 
SSW 1 
c E by S o 
NE 1 
SW 1 
SWbyW 1 
SW 1 
S 1 
SSW I 
SW I 
SW I 
S by W I 
SW 1 
W I 
SW I 
SSW I 
NW 1 
. w by N I 
NE i 
E by N 1 
S£ 1 


Fair. 

Fine. 

Fine. 

jFair. 

Fair. 

F air. 

Fair. 

Cloudy, 

Fair. 

Cloudy. 

Cloudy. 

Fine, 

Fine. 

Fair, 

Rainy. 

Fine. 

Fine. 

Fine. 

Fair. 

Fine. 

Fair. 

Fine. 

Fair. 

Fine. 

Fine. 

Fair. 

Fine. 

Fine. 
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METEOROLOGICAL JOURNAL 

for Auguft 1776. 



Time. 

Therm. 

without 

Therm. 

within. 




— 

mBm 

H.M. 



Inches. 

Inch. 

Points. 

Str. 

Aug. 1 

7 

O 

65?° 

66.0 

30,16 


sw 

I 

Pair, 


2 

O 

74 ,° 

67,0 

3 <V 4 


S by W 

I 

Fine. 

2 

7 

O 

67,0 

68,5 

3 ° 3 j 3 


E 

I 

Fair. 


2 

O 

86 ? o 

77 , 0 

3 ° 3°9 


S 

I 

Fine. 

3 

7 

O 

62,0 

72,5 

30,09 

0,052 

W bv S 

I 

Fine. 


2 

O 

■ 76,0 

75 >o 

3 ° 3°6 


N 

I 

Fine. 

■ 4 

7 

O 

63*5 

68,5 

3 C ,°3 


W by N 

I 

Fair. 


2 

O 

73 ,° 

73 >° 

30,00 


NNW 

I 

Fair. 

5 

7 

O 

6 6 3 o 

7°35 

,29,92 


SW 

I 

Fine, 


2 

O 

79,5 

7435 

29,85 


wsw 

I 

Fine, 

6 

7 

O 

63>5 

7 L 5 

29,77 


N\V 

I 

Fair, 


2 

O 

72,° 

72,5 

29,73 


W bv N 

I 

Fair. 

7 

7 

O 

56,0 

& 4 >o 

29,82 


SW 

I 

Fine. 


2 

O 

67,5 

67,0 

29,84 


w 

I 

Fair. 

8 

7 

O 

55 ’° 

61,0 

29,64 

0^62 

SE 

I 

Rainy. 


2 

O 

65, 0 

6435 

29,76 


NW 

I 

Fine, 

9 

7 

O 

59,5 

6 3=5 

29,80 

0,067 

SE by S 

I 

Fine. 


2 

O 

66,5 

66 5 o 

29,71 


SSE 

2 

Cloudy, 

JO 

7 

O 

5 / 3 ° 

6335 

29,53 

0,452 

SSW 

I 

Rainy, 


2 

O 

66,0 

6535 

29,65 


W 

2 

Fair, 

11 

7 

O 

67,0 

65,0 

29,76 

0,129 

SE 

1 

Fair. 


2 

O 

66,5 

66,5 

29,71 


S 

1 

Rain, 

12 

7 

O 

60,0 

64,0 

29,75 

0,306 

sw 

j I 

Fine. 


2 

0 

66,5 

66 3 o 1 

29,73 


SaW 

I 

Rain., 

*sj 

7 

O 

59 ’° 

64,0 

29 , 7 ° 

0,169 

SW by S 

I 

Fine. 

i 

2 

O 

1 67,5 

6S,o 

29,70 


IV 

0 

Fine. 

14 

*7 

: i 

°l' 55,5 

6 J 35 

29,96 

0,054 

SW 

I 

Fine. 

s ! 

j 1 

2 

Cj 

7*,5 

68,0 

29,98 


sw 

I 

Fine. 

! 15- 

7 

Q; 

64»5 

67,0 

29,88 

0,022 

ssw 

X 

Cloudy, 

} 1 

2 

oj 

73>5 l 

7 L 5 

29,80 


SW by S 

I 

Fine. 

! i6 f 

7 

0 

63,0 1 

6?35 

29,61 

0,161 1 

S by W 

I 

Rain. 

1 

2 

°! 6 9>5 * 

70,0 j: 

29,63 

1 

SSW 

2 

Fair. ! 

. s 
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METEOROLOGICAL JOURNAL 


| for Auguft 1776. 

| 


1 

Time, 

Therm. 

without 

Therm. 

within. 

Barom. 

Ram. 

W intis, 



W eather. 

H. M. 



Inches. 

Inch. 

Points. 

Str. 

Aug. 1 7 

7 

°j 55 ,° 

63,0 

,9,76 

0,201 

WSW 

I 

Fine. 


2 

c 67,0 

66 ? o 

29,81 


ws w 

2 

Fair. 

iS 

7 

c 

54 ,o 

62,0 

29,875 

0,0 iS 

w 

1 

Fine, 


2 

c 

6 9,5 

65,5 

29,88 


w 

I 

Fine. 

1C, 

7 

0 

61, 5 

64,0 

29,64 

0,139 

s 

I 

Rain, 


2 

0 

69, 5 

68,a 

29,64 


sw 

Z 

Fair. 

20 

7 

c 

59 ,° 

65,5 

29,69 

0,250 

W by S 

2 

F air. 


2 

0 

6 7,5 

67,0 

29,82 


W by S 

2 

Fine. 

21 

7 

0 

5 7?5 

63,0 

30,08 


ENE 

I 

Fair, 


2 

0 

67,0 

67,0 

30,09 


NE 

I 

Fine. 

22 

7 

0 

54,5 

58,0 

30,07 


NNW 

I 

Fine. 


2 

0 

67,0 

65 , 5 

3°,°6 


NW 

I 

Fine. 

23 

7 

0 

57 ,° 

62,5 

30,06 


NE 

I 

Fair. 


2 

0 

70,0 

66,5 

3°>°5 


NE 

I 

Fine, 


7 

0 

54 ,o 

62,0 

30,06 


W by N 

I 

Fine, 


2 

0 

64, 5 

64,5 

3°, °7 


NW 

1 

Fair. 

~5 

7 

0 

53 >° 

61,0 

30,10 


W 

I j 

Fine. 


% 

0 

66,0 

64 0 

30,13 


NW 

I 

Fine. 

26 

7 

0 

57,5 

61,5 

3°,°7 


E 

1 

Cloudy, 


2 

0 

67,0 

66,0 

30,03 


S 

I ; 

Cloudy. 

27 

7 

0 

57,0 

62,5 

29,93 

0,050 

E 

I 

Cloudy. 


2 

0 

64,5 

66,5 

29,93 


E 

I 

Fair. 

28 

7 

0 

53 ,o 

60,0 

49,35 


NE 

I 

Fine. 


2 

0 

69,5 

65,5 

29,84 

1 

SE 

I 

Fair. 

2y 

7 

0 

59 ,o 

62,0 

29,55 

0,050; 

S byE 

1 

Rainy. 


2 

0 

69,0 

67,5 

29,99 


SW 

I 

Fair. 

3 C 

7 

0 

57 ,o 

64,5 

29,60 

0,136 

S 

I 

Fine* 


2 

0 

66,0 

| 67,5 

29,60 


SW 

I 

Fair. 

3 i 

7 

0 

54 ,o 

63,5 

29,69 

0,022 

ssw 

I 

Fine. 


2 

0 

70,0 

68,5 

29,66 


ssw 

1 i 

fine. 
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METEOROLOGICAL JOURNAL 





for September 1776. 




Fime.f 

Therm. 

Therm. 

Barom, 

Ram. 

Winds. ] 





without 

within. 





Weather. 


ELM. 



[nches. 

Inch. 

Points. 

Str. 

Sept, i 

7 

0 

55*5 

54,0 

29,48 

0,120 

sw 

1 

Fine. 

2 

0 

68, S 

68,5 

29,52 


ssw 

2 

Fine. 

2 

7 

0 

58,5 

64,5 

29,3° 

0,248 

s 

2 

Fine. 


2 

0 

63.5 

67,5 

29,26 


sw. 

2 

Fine. 

3 

7 

0 

56.0 

63.0 

62,5 

29,29 

0,358 

sw 

1 

Rainy. 


2 

0 

60,0 

29,41 

0,084 

ssw 

2 

Clouay. 

4 

7 

0 

55,o 

62,5 

29,41 

sw ■ 

I 

Fair. 


2 

0 

63,0 

65,5 

29,49 


W by N 

I 

Fine. 

! 5 

7 

c 

5L° 

6 i,o 

29,65 

0,054 

SVV 

I 

t air. 


2 

c 

63,° 

65,0 

29,72 


NW 

I 

Fair. 

6 

7 

c 

53>° 

60,5 

29>92 

0,045 

SSW 

I 

Fair. 


2 

c 

6 5,5 

65,0 

20,00 

29,84 


W by S 

t 

Fair. 

7 

7 

0 

52,5 

60,0 


s 

I 

Fine. 


2 

0 

66,5 

65-5 

29,75 


S by E 

1 

Fair. 

8 

7 

0 

s°,° 

61,0 

29,48 

o ? i6o 

SW 

I 

Fair. 


2 

0 

57,5 

6 3,5 

29,48 


NW 

I 

Fine. 

9 

7 

0 

48,0 

57,o 

29,90 

CO 

to 

0 

0 

* 

cr 

I 

Fine. 


2 

0 

66,5 

63,5 

29*97 


NE 

I 

Fine. 

IO 

7 

0 

53>° 

60,0 

3 0 * 11 


N ' 

I 

Cloudy. 


2 

0 

63,0 

63,5 

3°* 12 


SSW 

I 

Fair. 

ii 

7 

0 

57,° 

68,5 

61,5 

30,10 


SW 

I 

Fine. 


2 

c 

66,5 

3 0 5 Ji 


&w 

I 

v air. 

' 12 

7 

c 

60,0 

64,0 

30,07 


ssw 

! I 

Cloudy. 


2 

0 

68,5 

68,0 

30,08 


s 

I 

Fair. 

13 

7 

0 

57,° 

64,5 

30,07 


s 

I 

; F air. 


2 

0 

67,0 

67,0 

30,00 


S by w 

I 

Pine. 

14 

■ 7 

0 

O O 
r-**. nt* 

64,0 

29,90 


NW 

1 

Fair. 


2 

0 

6S,o 

29,92 


NW 

I 

Fair. 

15 

' 7 

0 

5 ',5 

62,5 

29,99 


NE 

I 

Cloudy. 

16 

2 

0 

61,0 

65,0 

29,88 


NE 

I 

Cloudy. 

C.oudy. 

7 

0 

61,5 

53’° 

29,91 

0,377 

NW 

I 


2 

0 

61,5 

1 64,5 j 

>29,98 


Wby N 

I 

Fine. 
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METEOROLOGICAL JOURNAL 

for September 1776. 



Time. 

Therm. [Therm, 
without J within. 

Barorn. 

Rain. 

Winds. 

' 

Weather. 

H.M. 



Inches. 

Inch. 

Points. 

Str. 

Sept. 1 7 

7 

0 

55,° 

62,0 

29,99 


wsw 

I 

Cloudy. 


2 

0 

54,5 

63,0 

29,84 


Eby N 

I 

Rain. 

18 

7 

0 

49,° 

57,5 

29^86 

0,638 

N 

I 

Cloudy, 


2 

0 

57,° 

6i,o 

29*94 


N 

2 

Fair. 

19 

7 

0 

47»° 

54,0 

3°,°5 

0,082 

N 

I 

Fair. 


2 

0 

50,0 

57,5 

30,12 


NE 

I 

Rain. 

so 

7 

0 

44,5 

52,5 

3°,25 

CO 

r-. 

fv 

O 

NNE 

I 

Fine. 


2 

0 

52,0 

57?5 

30,26 


NNE 

I 

Fine. 

21 

7 

0 

43,° 

52,0 

3°, 3° 

-0,160 

N 

I 

Fine. 


2 

0 

57,5 

57,0 

30,35 


E 

X 

Fair. 

22 

7 

0 

46,5 

52,5 

30,33 


NNE 

I 

Fair. 


2 

0 

59,o 

57,5 

3°, 2 3 


E 

I 

Fine. 

1 23 

7 

0 

45,5 

53,5 

29,99 


NE 

X 

Fine, 

\ 

2 

0 

60,0 

58,0 

29,92 


NE 

I 

Fair. 

24 

7 

0 

48,0 

55,o 

29,91 


N 

X 

Fair. 


2 

0 

<>3,5 

60,5 

29,71 


NE 

I 

Fine, 

25 

7 

0 

54,o 

57,5 

29,70 


SE 

I 

Cloudy. 


2 

0 

66,0 

62,5 

2 9,57 


SE 

X 

Fine. 

26 

7 

0 

5 6 ,5 

61,5 

129,30 

0,131 

S 

I 

Fine. 


2 

0 

63,0 

65,0 

29,30 


s 

2 

Fair. 

1 27 

7 

0 

48,0 

5 8 ,5 

29,55 


s 

I 

Fair. 


2 

0 

61,0 

62,5 

29,64 


S by wj 

X 

Fine* 

28 

7 

0 

57,o 

60,0 

29,52 

0,019 

ssw 

I 

Rain* 


2 

0 

62,0 

63,0 

29,59 


sw 

1 

Fine* 

29 

7 

0 

49,5 

59,o 

29,80 


WNW 

I 

Fine. 


, 0 

0 

61, s 

62,5 

29,97 


NE 

I 

Fine. 

1 3° 

7 

0 

5 r ,o 

5 8 ,o 

29,99 


NNE 

X 

Fair. 

f 

L... 

2 

0 

61,5 

62,5 

30,00 


NE 

‘ X 

Fine* 
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METEOROLOGICAL JOURNAL 

for October 1776. 



Time. 

Therm .jTherm. 
without within. 

Barom* 

Rain. 

Winds. 

f 

Weather. 

H. M. 



Inenes. 

inch. 

Points. 

Str. 

Oft* i 

7 

0 

52,0 

ss, 5 

2 9> 9 1 


NE 

1 

Fair. 


O 

0 

59>5 

62.0 

29) 92 


ENE 

1 

Fair. 

2 

* 7 

;C 

54)5 

60jO 

l 3°,°5 


NE 

1 

Cloudy, 


2 

O 

66,5 

6 4,5 

3°, 10 


NNE 

1 

Fair. 

3 

7 

O 

55>° 

62.0 

30,21 


NE 

1 

Cloudy. 


2 

O 

60,0 

64,0 

30, 2 1 


N 

1 

Cloudy. 

4 

7 

O 

53>° 

65,0 

3°, 10 


SSE 

1 

Cloudy. I 


2 

O 

5 8 ,o.j 

63,0 

29,98 


NW 

1 

Fair. 

5 

7 

O 

46,5 

57,5 

29,83 


WNW 

1 

Fair. j 

4 j 

2 

O 

56,5 

60,5 



NNW 

1 

Fair, | 

6 

7 

O 

44,5 

55,° 

29,78 


NNE 

1 

Fair. | 


2 

O 

55>° 

57:5 

29,77 


NNW 

1 

Fine. I 

7 

7 

O 

42,0 

5 Z ,° 

29,-6 


SSW 

1 

Fine. j 


2 

O 

58,5 

57)5 

29,65 


sw 

2 

Rain, l 

8 

7 

O 

49>° 

55,° 

29,84 

0 ? 020 

s 

1 

Fair. j 


2 

O 

61,0 

59,5 

29,75 


s 

2 

>> 

"O 

P 

o 

O 

9 

7 

O 

43>S 

54:5 

flggw 

0 5 01 2 

s 

1 

Fine. 


2 

0 

S 8 >° 

58,5 



wsw 

2 

Fine. j 

10 

7 

O 

57,° 

58,5 

3°, 1 2 


wsw 

I 

Fair. 


2 

O 

66,5 

63,5 

30,18 


w • 

1 

Fair. 

11 

7 

O 

53’° 

60P j 

3°, *7 


wsw 

I 

Fine, 


2 

0 

62,5 

64,5 

30,19 


NNW 

I 

Fair. j 

11 

7 

0 

49,5 

58,5 

30,28 


N 

I 

Fair. 


2 

0 

57,5 

61,5 

30,32 


NE 

I 

Fine. 

13 

7 

0 

52,° 

S 8 ,© 

30,28 


SW 

I 

Cloudy. 


2 

0 

5 8 »5 

62,0 

30,24 


NW 

I 

Cloudy. 

14 

.7 

0 

ShO 

59,o 

30,17 


w 

I 

Cloudy. 


2 

0 

■ 57,° 

61,5 

3°, *6 


s 

I 

Cloudy, 

*5 

7 

0 

| 57,5 

58,5 

30,16 


NNW 

X 

Cloudy. 


2 

0 

57P 

6i,5 

30,10 


SE 

I 

Cloudy, 

16 

7 

0 

44,0 

! 53,5 

29,92 


NE 

I 

Foggy. 


2 

0 

61,0 

60,0 

29,88 


S by E 

I 

Fair. 
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METEOROLOGICAL JOURNAL j 

\ 

for October 1776. | 

1 ! 


Time, jTfaerm. 

TSierm. 

3 a,-coi. 

Raixuj 

W Lids. j 

80 1 , 




without 

within* 















Wc-uthf-r I 


1 

.T M | 


Inches* 

Inch. 

Points, 

Sir. 

1 

! 

ca. : 7 

7 

c 

5 " 2 

6 o ; o 

29,80 


s 

1 

' 

Fair. 


2 

c 

58,0 

62,5 

29)85 


NNW 

1 

Rain, 

18 

7 

c, 

43-5 

55 )° 

3°)2 3 

O5I52 

sw 

1 

Fair* 


2 

c 

59 ,° 

60,0 

30.19 


s 

1 

^ me* 

19 

7 

0 

52 ? 5 

;?,o 

29^6 


E by N 

1 

Foggy. 


2 

0 

61,5 

61,5 

29,80 


s 

1 

Rain. 

20 

7 

0 

5 6 >° 

59)0 

29)73 


S 

1 

Fair. 


2 

0 

56,0 

62,0 

29,64 


W by N 

1 

Rain* 

21 

7 

0 

46,0 

55)5 

30,01 

0,356 

SSE 

1 

Cloudy. 


2 

0 

59 >° 

6o,o 

29)97 


S by E 

1 

Fine* 

22 

7 

0 

55)5 

58)0 

29,99 


S 

1 

Fair* 


2 

0 

65,° 

64,0 

3°)°4 


S 

1 

Rain. 

23 

7 

0 

55 , 0 . 

60,0 

3 °) 10 


NE 

1 

Cloudy* 


2 

0 

5 6,° 

62,0 

30,12 


NE 

1 

Cloudy. 

24 

7 

0 

56,0 

60,0 

3 °) 14 


E byN 

1 

Cloudy. 


2 

0 

55 ,o 

61 , 5 

30,14 


NE 

1 

Cloudy. 

25 

7 

0 

5 *»° 

5 6 »5 

30,01 


NE 

1 

Cloudy, 


2 

0 

54 >o 

59 0 

29,93 


NEbyE 

1 

Fair. 

26 

7 

0 

48 ? 0 

54)0 

29,84 


N 

1 

Cloudy, 


2 

0 

5 r )° 

5 6 ,5 

29,85 


NNE 

1 

Fair* 

27 

7 

0 

43)5 

5 L 5 

29,90 


NNW 

1 

Cloudy. 


2 

0 

5 2 >° 

55)5 

2 9)93 


N 

1 

Fine. 

28 

7 

0 

38,0 

49)5 

30,04 


NE 

1 

Fair. 


2 

0 

5LO 

55)0 

3°)°4 


E 

1 

Fine. 

29 

7 

0 

49)0 

5 2 )5 

3°, 0 3 


SE 

I 

Cloudy. j 


2 

0 

53)0 

55)5 

30,00 


ESE 

1 

Rain. 1 

: _ . i 

3 ° 

7 

0 

49 )° ' 

54)0 

30,01 

0,194 

SE 

1 

Fair. 


2 

0, 

54)0 

57)5 

30,96 


SSE 

1 

Fine. 

3 i 

7 

0 

43»o 

5LO 

29,85 


ENE 

1 

Cloudy. * 


2 

0 

48,0 j 

53)5 i 

29,89 


NE 

1 

Fine. j 
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Thertn.JBa 


Inches. 



Points. 

E 

S by E 
SSW 
W byN 
S 

sw 

___SW— 

S 

SSW 

NW 

NE 

NE 

NE 

NE 

NE 

NE 

N by E 
S by E 
SE 
S 
S 

SE 
SW 
W by S 
SW 

sw 

sw 

sw 

sw 

sw ■' 

sw 

sw 


i Fair, 
x Fair. 

1 Fair. 

1 Fair. 

1 Fair. 

1 Fair. 

1 Fine, 

1 Fine. 

1 Fair. 

1 Cloudy. 
1 Foggy. 

1 Fair, 
x- Foggy. 

1 Foggy. 

1 Foggy. 

i Foggy* 

1 Foggy. 

1 Fair. 

1 Foggy. 

I Cloudy. 
1 Fair. 

1 Cloudy, 
i Fair.. 

1 Fine. 

1 Fine*. 

1 Fine. 

I Cloudy. 
1 jCloudy. 
1 'Fair. 

1 Fair* 

1 Cloudy, 
x Cloud 


Mira 
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Winds. 


Weather. 


Inches. Inch. Points. |Str. 



29,48 

29,69 

30,04 

2 9,97 

29,985 

29,96 

2 9 ’ 9 S 
29797 
30, 01 
20,06 

2 9,95 

29,91 

2 9>95 

29,9.7 

3°,°5 

,30,06 


3°>4 i 
3°,4 2 
30,39 
3°, 34 
3°>3 2 
30,33 
3°, 2 7 

30,09 

2 9.99 

29,73 

29,73 


S 

ssw 

SE 
E 
E 
SE 
SSW 
S by W 
SE 

N by E 
! NE 
NE 
ENE 
S by E.i 
E 
SE 
SSE 
SE I 
S 

SW 

sw 

sw 

sw 

w 

NE 

NE 

ssw 

SE 

SE 

SW 

N 

NW 


2 Fair. 

2 Cloudy. 
1 Rain. 

1 Fair. 

1 Foggy. 

1 Fair. 

1 [ F °ggy* 

1 Cloudy, 
x Cloudy. 
1 Cloudy, 
x Cloudy. 
1 ; Cloudy. 
1 jFair. 

1 Fine. 

1 Fair. 

1 Fair. 

1 Fine, 
x Fine. 

1 Cloudy. 
1 Cloudy. 
1 F me. 

1 Fine. 

1 Cloudy. 
1 Cloudy. 
1 Cloudy, 
i Rain. 

1 Cloudy. 
1 Cloudy, 
x Fair. 

1 Cloudy. 

1 Ram. 

1 |Fine. 















Inches j Inch r’oinfs. ptr 


18 8 
2 

19 8 
2 

20 8 
. 2 

21 8 
2 

22 8 
2 

23 8 
2 

24 8 
2 

25 8 
2 

26 8 
2 

27 8 
2 

28 8 
2 

29 8 


o S4»° 
o 52,0 
o 54,0 
o 42,0 
O 46,5 
O 39,0 
O 39,° 
o 3 5,5 
o 39,° 
o 30,0 
o 36,0 

O 33,° 
o 36,0 
o 29,0 
o 33,° 
o 32,0 

o 3 6 >5 
o 32,0 
o 29,0 
O 25,0 

- '1,0 


29,755 

29,755 

29,59 

29,55 

29,16 

29,32 

29,47 

2 9,47 

29,69 

29,58 

29,765 

29,84 

29,87 

29.81 

29,57 

29-5‘ 

29,77 

29.82 
29,81 
29,76 
29,98 

29 87 

20,00 
30,02 
^9 73 

29,6.4 

29^47 

29,49 

29,7 I 
29 ? 88 


0.020 NN W 
N W 
WNW 
S by W 
0,139 W by N 
W 

ssw 

NE 

o ? 1 oq SW 

sw 

0.053 wsw 
" wsw 

0,050 SW 
WNW 
0,022 NW 
W by N 

0,047 

N by W 
N 
NE 
N 

NE 

N 

NNE 

N 

W by N 
0,040 N 

N by E 
N 
NVV 


1 Fine. 

1 Fine. 

1 Cloudy, 

1 i lofty. 

2 Rain. 

1 Fair. 

1 Cloudy. 

1 Rain. 

1 Rain. 

1 Rain. 

2 Cloudy. 

1 Fair. 

1 Fair, 

1 Fine. 

2 F air, 

2 Rain. 

2 Fine. 

1 Fine. 

1 Fine. 

1 Rain. 

1 Cioudy. 

1 Cloudy. 

1 Fair, 

1 Fair. 

1 Fair. 

1 Fair. 

1 Snowy. 

1 Fine and frofty. 
1 Fair and frofty. 
1 Fair and frofty* 
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1- 

f hermometer without. 

Thermometer within. 

Barometer. 

Rain. 

1776. 

Greateil 

height. 

Leal! 

Height. 

Mean' 

Height. 

Greateil 

Height. 

Leaft 

Height. 

Mean 

Height. 

Greateil 

Height. 

Leail 

Height. 

Mean 

Height, 

Inches. 

January 

44,5 

2 3,5 

2 9 > 3 . 

43 s 5 

20,5 

3 1 , 8 

30,24 

29,21 

29,687 

2,257 

F ebruary 

49,5 

r ' 4,5 

42,6 

46,0 

19,0 

42,4 

29,97 

28,84 

29,408 

3,520 

March 

52,0 

3 °,5 

4 S >9 

56,0 

37 ,o 

46,4 

30,43 

28,98 

29,91 

2,541 

April 

5 6 ,5 

3 4,5 

50,3 

5 8 j° 

41,0 

5 1 , 2 

3°, 44 

29,46 

29,542 

0,320- 

May 

62,0 

40,0 

54,3 

66,0 

47 ,° 

54,9 

3 0 ,46 

29,14 

29,999 

2,594 

June 

66,0 

3 2 ?S 

62,4 

7°>5 

54,5 

64,2. 

30,34 

29,48 

29,87 

2,028 

July 

7 °,° 

55 ,° 

6 5,9 

70,0 


68,3. 

30,31 

2 9=55 

29,923 

2,752 

Auguft 

67,0 

53 >° 

64,2 

72)5 

5 8 ,° 

66, l 

30,16 

2 9>53 

29,546 

2,540 

September 

61,5 

43 »° 

5 7 , 2 

64,5 

5 2 ,° 

66,1. 

30,35 

29,26 

29,83 

2,7 j 2 

October 

S 8 >° 

, 42 >° 

S 3 » 8 < 

6 5 ! °_ 

_ 5 r ,o_ 


- 3 ®r 32 

29,65 

30,00 

0,734 

November 

57 ,° 

2^0 “ 

45 ,°~ 


37 ,° 

49,9 

30,39 

29,11 

29,878 

2,191 

December 

5 2 »° 

2 Sj° 

42,0 

57=5 

30,5 

45 ,o 

30,42 

29,16 

29,882 

2,275 

Whole Year. 



5 1 * 1 



52,9 


; 

29,789 

“,354 
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VARIATIO N-N E E D L E. 




7 

A.M. 

12 h, 

M 

2 h. 
P.M. 

iooruh. 

P.M. 

Daily 

Mean. 


June 2i 



21 S* 

21 45 

21 49 


22 

21 38 

21 49 

21 52 

22 20 

21 55 


z 3 

21 43 

21 42 

21 43 

21 47 

21 44 


24 

21 41 

21 49 

2 * 54 

21 36 

21 45 


25 

21 57 

21 54 

21 53 

21 41 

21 51 


26 

21 43 

2i 47 

21 49 

21 33 

21 43 


27 

21 38 

21 48 

21 50 

21 37 

21 43 


28 

21 43 - 

21 47 

21 40 

21 37 

21 42 

— 

Jig . 

21 59 

21 51 

« 

ax 36 

— T 48 


3 ° 

21 39 

21 49 

21 44 

21 34 

21 42 


July 1 

22 00 

21 51 

21 50 

21 40 

21 SO 


2 

21 36 

21 50 

21 54 

21 46 

21 47 


3 - 

21 59 

21 49 

21 50 

21 46 

21 S I* 


4 

21 40 

21 55 

21 52 

21 47 

21 49 

1 

5 

21 40 

21 56 

21 56 

' 21 46 

21 49 


6 

21 4O 

21 50 

21 S3 

21 35 



7 


21 49 

21 49 

21 53 



Means, - 

i 21 46 

21 SO 

21 s° 

21 43 




Mean of all a 1 47 . 



1HPPING- 










ah. iocruh, ]V. 
P.M, P.M. 


71 32 
71 40 

7* 45 
71 45 


73 00 
73 °5 


71 50 

72 03 

7 1 5° 
7i 5° 
7i 52 
7i 55 


73 i° 
73 20 



72 45 

73 00 
-72 "20 


7 1 50 

71 40 

72 10 
7 1 50 

7 1 5° 

72 00 


73 30 

73 30 
73 20 


71 43 Weft mark up- 
permoft. 



71 56 


Eaft mark 
down® 
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Page. Line. 

, 140, 3. from die bottom* for Grifons read Grifones 

144. 2. from die bottom* for Elinot read Klinot 

' 613. 20. for viz. green* read viz. white and pearly, green, &c* 

618. xr* for thefe read the 
Ibid. 15. for fine colle&ion read few colle&ione 
620, 17. for Poulafent read Poulaoent 

j Ibid. 18. for T fchoppan read Tfchoppau 
- Ibid. 20. for Freibourg read Friebourg 
-6 2-1 o xo. for powder read powdered 




*#* There are SIX PLATES in the First Part 
of the PHILOSOPHICAL TRANSACTIONS, 
Vol. LXVII. But the Second of them, containing 
Two diftindt Subjects, is numbered Tab. II. at the 
Head, and Tab. III. below.— This is mentioned, left 
the Binder, attending to the Number at the Head only, 
fhould fuppofe the Third Plate to be wanting. 
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PHILOSOPHICAL 


TRANSACTIONS. 


XX. An Account of a Volcanic Hill near Invernefs. In 
a Letter from Thomas Weft, Efq. to Mr. Lane, F, R. S, 

DEAR SIR, 031.17,1776, 

Read Dec. 12 , a g y OU feem defirous to have a more par- 
~ J - ticular account of the lava, which I 
left at your houfe on my return from my tour in Scot- 
land, I herewith fend it you. At the fame time I mult 
own, that the little attention paid to fo extraordinary a 
phenomenon, and which feems to prove beyond a doubt 
the exiftence of volcanos in this country, is to me matter 
of great furprize. 

The hill from whence I took the fpecimens of lava 
which I have the pleafure to fend you, is about a mile 

Vol» LXVII. E e e and 
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and an half diftant from Invernefs, and is called by the 
inhabitants Creek Faterick, or Peter’s Rock: the lower 
part of it is chiefly ploughed up; the upper part is ex- 
tremely fteep, craggy, and very difficult of accefs, and 
appears to me to have evident marks of having been a 
volcano, as by much the greateft part of the largeft 
-rocks -on -it have been either flrongly calcined or fufed, 
as will, I think, plainly appear by thefe ipecimens, fome 
of which I -picked up on the fides of the hill, others I 
broke off from the folid rock with a pick-axe (though 
not without great difficulty, on account of the extreme 
hardnefs of the rock} ; and others I dug out from the 
fummit of the hill, at the depth of four feet, lying in 
a rich, light, black mould, which, after having been ex- 

pofed to the air for fome time, turned to a whitifh affi 
colour.. 

On the fummit of this hill (which commands a moft 
beautiful and extenfive profpecl) is a ffiiall plane, ninety 
paces long, by twenty-feven wide, furrounded by rocks, 
from fix to eight feet high, like a breaft-work, extremely 
cra ggy> a nd difficult of accefs on the outfide, but rifing 
from the center, in the infide, to the top of the breaft- 
work, with a gentle Hope of turf, equal to any of the 
iineft on our ffieep downs. This I at firft thought might 
have been the crater; but the fmoothnefs of the infide 
teeming not to favour this opinion, I carefully examined 

--every 


3 



a Volcanic Hill near Invernefs. S S 7 

every part of the hill, in hopes of finding fome marks 
of one, but without fuccefs. There are, indeed, feveral 
fmall caves, but of no great depth, which feem to he 
forpied by the hanging rocks on the fides, near the top 
of the hill. There is alfo a fmall fpring about fifty- 
yards from the top of the hill, but it was almoft dry 
when I faw it, which was the latter end of July. I could 
not get, from the belt inquiries I was able to make, any 
account of this extraordinay phenomenon, no perfon in 
Invernefs (except one gentleman of that city) having 
ever taken the leaf; notice of it ; nor can I find that any 
mention has ever been made of it in hiftory, though it 
feems probable that there has been at leaf; one more in 
this part of the country; as a gentleman. near Dingwal, 
which is about twenty miles from Invernefs, affined me, 
that there were many ftones on a hill near his houfe 
which they called the vitrified fortification, that had the 
fame appearance with thofe at Creek Faterick; but that 
no perfon had ever taken any particular notice of them/^. 

I am, See. 

(a) The fpecimens fent with the above letter to the Royal Society, having 
been examined by fome members well acquainted with volcanic produflions* 
were by them judged to be real lava ; and it was their opinion, that if a great 
quantity of the like fubftance be found on the hill from whence thefe pieces 
were taken, the hill moll probably owes its origin to a volcano, J, p. 
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XXI. New EleBrical Experiments and Obfervations; with 
an Improvement of Mr. Canton’s Electrometer. By 
Mr. Tiberius* ' Cavallo, in a Letter to Mr. Henly, 
F. R. S. 


DEAR SIR, 


Iflington, 
February 8, 1777, 


Read March 13, rr-toGET HER with this letter I fend 
-L you an account of fome electrical 
experiments I have lately made, and moft of which have 
been fuccefsfully repeated in your prefence. As you did 
me the honour to mention, in your laft paper to the 
Royal Society, fome remarks I had made on Mr. volta’s 
machine, I hope you will farther oblige me by prefent- 
ing this account to that learned Body, if you think it 
contains ahy thing deierving the attention of the 
curious. 


I am, Szc. 


Experiments 



Mr. cavallo’s Experiments, fee. 


389 


Experiments on Mr. volta’s plates, commonly called a 
machine for exhibiting perpetual ele&ricity . 

THE following experiments, which, fhew hew both 
fides of an eledtric plate are affected in different circnm- 
ftances, were principally made with a plate which mea- 
fured fix inches and a quarter in diameter, and which 
confifted of a circular piece of thick glafs coated on one 
fide with fealing-wax^. 

If, after having excited the fealing-wax, I lay the -plate 
with the wax upon the table, and the glafs uppermoft, 
that is, contrary to the common method; then, on 
making the ufual experiment of putting the metal plate 
on it, and taking the fpark, fee. I obferve it to be attended 
with the contrary eledtricity ; that is, if I lay the metal 
plate upon the electric one, and, while in that fituation, 
touch it with an infulated body, that body acquires the 


(a) Having conftrufied fevcral of thofe plates, with a view to di (cover which 
fubftance would anfvver the beft for coating the glafs plate, I obferved that the 
eafieft to be made, and the firongeft in power, are thofe made of the fecond fort 
of fealing-wax. It is remarkable, that foxnetimes they will not a£fc well at firft, 
but they may be rendered very good by feraping with the edge of a knife their 
Alining or gloffy furface. This feems analogous to the well-known property of 
glafs, which is, that new cylinders or globes, made for s electrical purpoies are 
often very bad ele&rics at firft, but that they improve by being worked, that is, 
by having their furface a little worn. 


pofitive 
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pofitive electricity, and the metallic removed from the 
eleCtric plate appears to be negative. 

This experiment, I find, anfwers in the fame manner 
if an eleCtric plate be ufed which has the fealing-wax 
coating on both fides; for, whichever fide of this is ex- 
cited, it will aCt like the waxed fide of the above de- 
fcribed plate, that is, will render the metal plate fet on 
it pofitive, and the oppofite fide will render it negative. 

If, inftead of laying the eleCtric plate upon the table, 
it be placed upon an eleCtric ftand fo as to be accurately 
infulated, then the metal plate fet on it acquires fo little 
electricity that it can only be difcovered with an electro- 
meter ; which fhews,, that the electricity of this plate will 
not be confpicuous on one fide of it, if the oppofite fide 
be not at liberty either to part with, or acquire more of, 
the eleCtric fluid. In confequence of this experiment, 
and in order to. afcertain how the oppofite fides of the 
eleCtric plate would be affeCted in different circumflances, 
I made the following experiments. 

Upon an eleCtric ftand I placed a circular tin plate, 
nearly fix inches in diameter, which by a ilender wire 
communicated with an electrometer of pith-balls, which 
was alfo infulated; I then placed the excited eleCtric plate 
of fix inches and a quarter diameter upon the tin plate, 
with the wax uppermoft, and on removing ray hand 

from 
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from it, the electrometer which communicated with the 
tin plate, that is, with the under fide of the eleCtric plate, 
immediately opened with negative electricity. If by 
touching' the electrometer I take that electricity off, the 
electrometer will not afterwards diverge. But if now, 
or when the electrometer (diverges, I prefent my hand 
open, or. any other uninfulated conductor, at about one or 
two inches over the eleCtric plate, without touching it, 
then the pith-balls diverge; or, if they diverged before, 
they cometogether, and immediately diverge again with 
pofitive electricity. — Remove the hand, and the balls 
cometogether; approach the hand, and they diverge, 
and fo on. 

If while the pith-balls diverge with negative electri- 
city, I put the metal plate upon the wax, the balls ap- 
proach each other for a little time, but foon open again 
with the fame, that is with negative .electricity. 

If, whilft the metallic lies upon the clcCtric plate, I 
touch the former, the electrometer immediately diverges 
with pofitive electricity, which if by touching the elec- 
trometer I take off, the electrometer continues without 
divergence. ?I touch the metal . again, and the electro- 
meter opens .again ; and fo on for a confiderable number 
of times, until the metal plate has acquired its full; 
•charge. On taking now the metal plate up, the electro- 
meter 
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meter inftantly diverges with ftrong negative elec- 
tricity. 

I repeated the above experiments with this only dif- 
ference in the difpolition of the apparatus : 1 put the 
eleCtric plate with the excited fealing-wax upon the 
circular tin-plate, and the glafs uppermoft : and the dif- 
ference in the refult was, that where the electricity was 
politive in the former difpolition of the apparatus, it now 
became negative, and vice verfa\ except that, when I 
firft lay the eleCtric plate upon the tin plate, the electro- 
meter diverged with negative electricity as well in this 
as in the other difpolition of the apparatus. 

All the above experiments have been repeated with 
an eleCtric plate, which, beiides the fealing-wax coating 
on one fide, had a ftrong coat of varailh on the other; 
and their refult has been limilar to thofe when the above 
deferibed plate was ufed. 

Experiments on colours. 

Having accidentally obferved that an eleCtric fhock, 
fent over the furface of a card, marked a black ltroke 
upon a red fpot on the card, I was from this induced to 
try what would be the effeft of fending Ihocks over 
cards painted with different water colours. Accordingly 
4 I painted 



Obfervatlom in FJeSlricUy, ' 393 

I painted feveral cards with almoft every colour I had, 
and fent {hocks over them when they were very dry : 
the effects were as follows 

Vermillion was marked with a ftrong black track, 
about one-tenth of an inch wide. 

Carmine received a faint and {lender imprefhon, of a 
purple colour. , 

Verdigreafe was fliaken off from the furface of the 
card. 

White lead was marked with a ftrong black track, 
not fo broad as that on vermillion. 

Red lead was marked with a faint mark much like 
carmine* 

The other colours I tried were, orpimcnt, gamboge, 
fap-green, red ink, ultramarine, Pruflian blue, and a few 
others, which were compounds of the above, but they 
received no impreflion. 

It having been inftnuated, that the ftrong black mark, 
which vermillion receives from the electric {hock, might 
poffibly be owing to the great quantity of fuljftiur con- 
tained in that mineral, I was induced to make the fol- 
lowing experiment. I mixed together equal quantities 
of orpiment and flower of fulphur, and with this mix- 

(b) The force employed was the full charge of one foot and a half ‘of coated 
glafs. 

Vol. LXVIL Fff ture, 
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ture, by the help, as ufual, of very diluted gum- water, 
I painted a card; but the eledric ffiock fent over this 
left not the lead impreffion. 

Defirous of carrying this inveftigation on colours a 
little farther, I procured fome pieces of paper painted on 
both tides with oil colours and fending the charge of 
two feet of coated glafs over each of them, 1 obferved 
that the pieces of paper painted with lamp-black, Pruf- 
fian blue, Vermillion, and purple brown, were tom by 
the explolion;, but white lead, Naples yellow, Englilh 
ochre, and verdigreafe, remained unhurt. 

The fame fhock fent over a piece of paper, painted 
very thick with lamp-black and oil, left not the lead 
impreffion. I lent the fhock aha over a piece of paper, 
unequally painted, with purple-brown, and the paper was 
torn where thk paint laid very thin-, but remained un- 
hurt where the paint was evidently thicker.. 

. Having repeated thofe experiments feveral times, and 
with fome little variation, they were attended with dif- 
ferent effedsr;. however, they all feem to. point out the 
following propolition. 

- I. A coat of oil-paint over any fubftan'ce, ■ defends it 
from the effeds of fuch an eledric fhock as would other- 
wife injure it; but by no means defends it from the force 

(c) The colours were mixed with linfeed oil. 

1 of 
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of every ele&ric fliock that can be given. II. No one 
colour feems preferable to the others, if they be equal 
in fubftance, and equally well mixed with oil; but a 
thick coating does certainly afford a better defence than a 
thinner one. 

By rubbing the above mentioned pieces of paper, I find 
that the paper painted with lamp-black and oil is more 
eafily excited, and acquires a ftronger electricity than the 
papers painted with the other colours ; and perhaps on 
this account it may be, that lamp-black and oil might 
refiffc the fliock fomewhat better than the other paints. 

It is remarkable, that Vermillion receives the black 
impreffion, when painted with oil, nearly as well as 
when painted with water. The paper painted with white 
lead and oil receives alio a black mark, but its nature is 
very particular. The track, when firft made, is almofl; 
as dark as that marked on white lead painted with wa- 
ter; but it gradually lofcs its blacknefs, and in about two 
hours after it appears without any darknefs, and when 
the painted paper is laid in a proper light appears only 
marked with a colourlefs track, as if made by a finger- 
nail. 
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Promifcuous Experiments* 

Confidering what a ftrong fpark is obtained from the 
metal plate belonging to Mr. volta’s machine, when 
not the leaft fpark can be obtained from the ele<5tric plate 
itfelf, I was naturally induced to make ufe of the above 
mentioned metallic plate in difcovering the electricity of 
very weak eleCtrics, which otherwife would be either in- 
obfervable, or fo little as not to permit its quality to be as- 
certained. Accordingly, by the ufe of this plate, I obtain a 
very feniible electricity from the hairs of my legs and of 
my head, or the head of almoft any other perfon, when 
ftroaked. 

In this manner I obtain fo ftrong fparks from the back 

% 

of a cat, a hare’s ikin, a rabbit’s fkin, a piece of paper, 
or a piece of new flannel, that I can prefently charge a 
coated phial with either of thofe, and fo ftrongly as to 
pierce a hole through a card with its difeharge. 

I have often obferved, that, when ftroaking a cat with 
one hand I hold it with the other, I feel frequent fmart 
pricklings on different parts of that hand which holds 
the animal. In thefe circumftances very pungent fparks 
may be drawn from the tips of the ears of the cat. 

S Smooth 
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Smooth glafs rubbed with a rabbit’s fkin, dry and 
warm, acquires, I find, the negative electricity; but if 
the fkin is cold, the glafs is excited pofitively. 

New white flannel has alfo fuch ftrong electric power,, 
that fometimes I have excited fmooth glafs negatively 
with it. 

, Confidering the ftrong electric power of new white 
flannel, I thought that a piece of it rolled round the 
globe of an electrical machine would perhaps give a 
ftronger electricity on the prime conductor than the glafs 
itfelf. In order to try the truth of my fuppofition, I 
tied a large piece of flannel dry and warm round the 
globe of the machine; and for a rubber I applied the 
palm of my hand, then turned the winch, firit flowly, 
and afterwards brifldy; but, contrary to my expectation, 

I obferved that the electricity at the prime conductor, 
although pofitive, was fo weak, that the index of your 
electrometer was not moved. Surprifcd at this event, I 
refolved to take off the apparatus; but 1 was more fur- 
prifed when, on removing the flannel from the globe, 
the former appeared fo ftrongly pofitive, that it darted 
feveral fparks to my arm and other contiguous bodies ; 
and the latter remained fo ftrongly negative, that your 
electrometer upon the prime conductor inftantly elevated, 
its index to about 45 °. I repeated this experiment feve- 
ral. 
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ral times, and the effect was always the fame. The elec- 
tricity of the flannel and of the glafs, therefore, balanced 
each other. 

Having had occafion to coat a ten-ounce phial, I fhick 
the infide coating, which was of brafs filings, with var- 
nifh, agreeable to the directions given by fome writers 
on elearicity. This phial remained about a weekunufed ; 
but it happened, that, whilft I was charging and dif- 
charging it for fome experiments, I obferved that on 
making a difcharge it exploded with a greater noife than 
ufual, the cork with the wire being at the fame time 
blown out of the neck of it. Being intent upon the main 
experiments in hand, I omitted to examine the pheno- 
menon of the phial. I replaced the cork on it, and went 
on charging and difcharging it again; but it had not 
been charged above three or four times more, when I 
obferved that, on making a difcharge, the varnifh that 
ftuck to the brafs filings was in a flame, which burned 
the bottom and fides of the cork confiderably, and occa- 
fioned a good deal of fmoke and flame to come out of 
the bottle. You will recoiled, that I repeated this expe- 
riment in the prefence of yourfelf, Mr. adams, and Mr. 
Coventry, when it fuccceded perfectly; but the varnifh 
was this time fo far burnt, that the brafs filings, which 

by 
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by the combuftion had changed their colour, were almoft 
all dropped to the bottom of the phial, 

I fhall conclude this paper with the defcription of a 
pocket electrometer which I have lately conftructed, 
and which, on feveral accounts, fecnis preferable to thofe 
of the moft fenfible fort now in ufc. The cafe and 
handle of the electrometer is formed by a glafs tube 
about three inches long, and three-tenths of an inch in 
diameter; half of which is covered with fealing-wax. 
From one extremity of this tube, that is, that without 
fealing-wax, a fmall loop of filk proceeds, which ferves 
occafionally to hang the electrometer on a pin, &c. To 
the other extremity of the tube, a cork is adapted, which, 
being cut tapering on both ends, can fit the mouth of 
the tube with either extremity. From one extremity of 
this cork two threads proceed, a little lliorter than the 
length of the tube, fufpending each a little cone of pith 
of elder. When this electrometer is to be ufed, that end: 
of the cork which is oppofite to the threads is puttied 
into the mouth, of the tube, then the tube forms the 
infulated handle of the pith electrometer, as appears in 
fig. i. When the electrometer is to be carried in the 
pocket, , then the threads are put into the tube, and the 
cork flops it, as is reprefented in fig. a. The peculiar 

advantages.' 
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advantages of this electrometer are, its convenient fmall 
ftze, its great fenfibility, and its continuing longer in 
-good order than any other I have yet feen, as you have 
yourfelf experienced (d K To preferve this electrometer 
from injury, it fhould be carried in a tooth-pick cafe, or 
fome other of the like fort. 

(d) I have lately conftruded a portable ele&rometer of another kind, which 
is contrived fo as not to be affeSted by the wind or the rain, and consequently is 
very convenient to examine the ele&ricity of the clouds out of doors in time of 
thunder-ftorms : but I {hall take another opportunity to prefent to the Royal 
Society a particular defeription of the fame. 
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2TXI. Barometrical Obfermtiom on the Depth of the Mines 
in the Hartz. By John Andrew de Luc, F. R. S. In 
a Letter to Sir John Pringle, P. R. S. 


SIR, 

Read March 20. 
* 777 * 


Pimlico* 
Feb. 8, 1777. 


HAVE the honour to lay before you 
fome obfervatlons on the Barometer, 
which I made during my Ihort journey into Germany ; 
and beg, if you think them worthy its attention, that 
you would communicate them to the Royal Society. . 

I fat out with the hopes of being able to make a Ihort 
excurfion into the Hartz, to vifit fome of the mines there. 
Thefe I knew were extremely deep; and it made me 
very defirous to try in them ray rules for meafuring 

heights 


Obfervatlons Baramitriqucs fur la Profondeur des Mines du Hartz, 
Par Jean Anclrce de Luc, Membra de la Sociltb Roy ale, &c, dans 
me Leifre au Chevalier Baronet Pringle, Prcf, de la Soc, R. 

MONSIEUR, 

J ’AI t’honneur dc vous fairc part dc quelqucs observations du Baromctre, que 
j’ai faites clans un petit voyage en Allemagnc; vous priant de les comnni- 
niquer a la Societe Royale, fi vous les trouvez digues dc fon attention, 

En partant pour cc voyage, j’avois 1 ’efperancc de fa ire unc excurfioa 
dans le Hartz pour y jifitcr quclqucs uncs dc fes mines. Je favois qu’cllcs 
etoient fort profondefij ct par . consequent j’avois grande envic d’y eflaycr nncs 
You LXVir. Ggg ' . *%!<« 
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heights by the Barometer, that I might know whether 

O' 

in thole pits (where exhalations of all kinds fprcad them- 
felves) the condenfations of the air follow tlie lame laws 
that they do out of them. 

I nearly milcarried in this intcrciling operation 
through an accident which had happened to my Ba- 
rometer. Having lent it to a friend, when I came to 
examine it a little before my letting out, I found that air 
had fome how got into it. Luckily 1 had time enough 
to take it to pieces and make, the quickfilver boil in it ; a 
circumftance which I only mention in order to obierve, 
that I fucceeded fo thoroughly in this manoeuvre, that, 
from that time to this, the quickfilver has always ad- 
hered to the fummit of the tube as often as I have railed 
it to it, juft in the fame manner as it adheres by the 
ebullition. It requires a fhake to make it defeend: and 

IbmeUmcs 


regies pour la mefure des hauteurs par le Barometrc ; pour fatoir fi dans «■< 
puitSj ou des exhalaifons de tant d’efpcces le repandent, !es condenfations de 
Fair fumroient les memos loix qu’au dehors. 

Jc faitlis a manqner cette intereflantc operation par tin accident arrive a mon 
Barometre. Je l’avois prete; ct lorfque-je Pcxaminai a la vcitlc de mon depart, 
je trouvai qu’on y avo;t laifie entrer de-l’air. J’eus lo terns heureulcment de le 
demonter, et d’y faire bouillir le mercure: circonftance dont jc nc fais mention, 
que pour ajouter; queje reiiflis fi parfaitement dans cettc operation, que ties ec 
moment, pendant tout mon voyage, ct jufqu’a aujourd’hui, 1c mercure a tou- 
jours continue de s’attacher au fommet du tube, lorl'qne je Py raraenc; 
^omme il s y attache au moment de Febullitiott ; et il tt’en defeend quo par unc 

frcouDr. 
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iometimes the column breaks beneath the iummit, and 
there remain only ionic lines of the quickfilver fuf- 
pended to the top. 

It is for barometers cleared of air to this degree that 
my formula have been determined: and I bad the fain- 
faction to find that they aniVered in the Hartz juft ah 
they had done upon the mountains in the neighbourhood 
of Geneva, where they took, their oil gin. 

Another remarkable circumllance which relates to the 
Barometer it tel f is as follows. Having ocvaJion for cor- 
refponding obfervations in fome places of my -rout, I ap- 
plied to obfervers who had good Barometers; amongit 
which I met with one of Mr. doi.lond’s. Thcfe Baro- 
meters I compared with my own, being well a Aural 
beforehand, that I. fhould find a difference in the heights 
indicated, from the circumfhincc of their having d herns 

at 


fecouffc. Qudqucfbis mime la eolomne fc romp tui ddlbus dti foinmeu ct 11 
no refte quo qudqucs lij>ncs tic utavure fufptndu, 

C’cfl pour des Baromctrcs purges d’air a co pc In., quo mos formuVs onf do 
deteraunecs : aufli ouv-dles ruiffi dans lo Hartz, t ut avmrnr dans Us nmn- 
tagnes des environs dc Geneve, oil dies oof pris nai liana:* 

Void encore, M colic ur, vine circonftanco remarquahle, «jui rr garde lo Bare- 
metre txicmc, Ay ant eu hefoin cn qudqucs admits tic ma route, <l\>l)lmations 
correfpondentes, jc m’adrcffai a tics amateurs, qui avoient: debons Biiromctres. 
J’en trouvai on entr 9 autres de M, dou.ond. Jc comparai ccs Baromctrcs au 
mien, etant bion allure de trouver de la difference dans la hauteur indkpiee ; 
pareequils avoient tics refervoirs cn has; ce qiu fait q,uc la coloimie barome* 

O g g 2 ' ^ trique 
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at the bottom, which makes the barometrical, column 
always fhorter in thefe than it is in a plain tube in the 
form of a fyphon, as I have fliewn in my treatife on the 
Modifications of the Atmofpbere .. Accordingly this was 
the cafe in all thefe Barometers; they did all hand lower 
than mine, but varied from each other, according to par- 
ticular circumftances, depending chiefly on the diame- 
ter of the tube, and the figure of the cittern.. 

In going from Hanover to the Hartz I went through 
Gottingen, where I did not flop then, becaufe I wiflied 
to make ufe of the fine weather. I left it therefore with- 
out having fettled any thing about correfponding obfer- 
vationS'Of the Barometer, Profeflbr lichtenberg having, 
been kind. enough to- undertake the care of procuring, 
them for me ; the comparifon of the inftruments being 
deferred till my return. . Profeflbr; e r x.le b e n was accord- 
ingly 


trique y eft toujours plus courte, que dans- un tuyau Ample cn forme tie fyphon ; 
comme je 1’ai expliquedans mon Ouvrage fur Ies ■ Modifications <k l' Atmfibere.' 
C’eft auffi ce que je trouvai dans tous ces Baromef.rcs: ils fe tenoitnt tous plus ■ 
has que le mien; mais diverfement, fuivant quelques circonftanccs particulitres, . 
dependaates principalement du diametre du tube, et de la figure du refervoir, 

En allant de Hanovre au Hartz, je paflai par Gottingue, ou jc ne m’arrctai . 
point alors, parce que je voulois profiter da beau, terns,- J’en partis done, fans 
avoir rien determine pour des obfemtions -correfpondantcs du Barometre; M. le 
Profefleur lichtenberg ayant bien voulu fe charger du foin dc m’en procurer; ct 
renvoyaat a mon retour la- comparaifon des-inftrumens. II s’adrefia pour cct effet 
a M. le Profefteur erxleben; parce qu ? il avoitun Barometre faitd’un fitaplc 

tube 



the Depth of the Mines in the Hartz. 
ihgly applied to by him, becaufe he had a Barometer made 
of a fingle bent tube upon the principle of mine. During 
my journey Mr. erxleben was fo good as to obferve this 
Barometer very frequently ; and it is from his obferva- 
tions that the heights of fome of the places of the Hartz, , 
which I lhall mention, have been determined. 

At my return, I placed my Barometer near that of 
Mr. erxleben; and, when they were expofed to the lame 
temperature, there was found no difference between, 
them. 

This example, joined to all thofe with which my own 
experience has furnifhed me for a long time paft, makes 
me more and more folicitous that the lovers of natural 
philofophy would fix the feale of their Barometers with 
citterns (very convenient ones no doubt for common life) 
by comparing them with a Barometer made in the form 

of 


tube rccourbe, fur la principc du mien. M. erxi.eben cut la bontd d’obferver 
tres frequemment cc Baroinctrc pendant mon voyage ; et c’efl d’apris fes obfer- 
vations, que j’ai determine les hauteurs de quelqucs endroits du Ham .d out jc 
ferai mention. 

A mon retour j’apportai mon Baromctre aupres de cclui M. erxebisen; et 
quand ils furent rdduits a lameme temperature, il nc fe trouva entr’eux aucune • 
difference. 

i 

Cct excmple fe joignant a tous ceux que mes propres experiences m’o’nt fdurni ■ 
depuis long terns, me fait defirer toujours davantagp que les Phyficiens veuil- ■ 
lent bien fixer I’echelle de ltsurs Barometres a refervoir (tres commodes fans doute 
pour l’ufage ordinaire) cn les coroparant a un Baroinetrc faitcu forme de fiphon ; 
3. et : 
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of a fyphon, and not by any immediate meafure com- 
mencing at the level of the quick diver in the dll cm. 
This is the fureft method to render exadly correspon - 
dent thofe obfervations which are made vvitli Barometers 
which one cannot compare together ; at the fame time 
that the barometrical height exprefled by Barometers of 
this form is the only true one; that is to lay, the only 
one which, after the correction for the heat, exprdles 
the weight of the air, by the height of a column of 
quickfilver of a given denfity, with which it is really in 
equilibrio. 

I fliall begin the account of my obfervations of the 
Barometer in the Hartz by thofe which I made in places, 
the height of which is afeertained. 

Knowing that the ore is drawn up in pales from 
the pits of the mines, I thought at firft that it would 

be 


et non par une in efure immediate, qui parte du* niveau tin me mure dam. 1c rdhv 
voir. C’eft le plus fur moyen de rapportcr avec exactitude k* tines aux am rv% 
des obfervations faites avec des Baiometres que Ton n*a \m comparer; en munc 
terns que la hauteur barometnqne^cxprimee par les Barometivs tic ccttc ioi mtq eft 
la fenie vraie; c’eft a dire la feule qui, apres* la correflion pour la chalcur, ex- 
prime le poids de Bair par la hauteur d’une colomne tie ineraire de dcidite 
donnee, avec laquclle il ell reellement en cquilibre. 

Je commencerai, Monficur, le reck cle mes '©biervations du IWoroefrc clans le 
Harts, par cel les quej’ai Faites en des lieux dont la hauteur eft tomrae, 

Sachant que Ton monte le mineral dans des feaux, par les pints tics mines, 
Jayois erti d’afaord qu’il me feroit poffible de mefarer ccs profondcurs au cordcau; 

ct 
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be eafy to meafure their depths with a line, and 1 had 
accordingly provided myfelf with all the necdTary im- 
plements for that purpole; but when I arrived at Clanl- 
thal, the principal place of the King’s mines, I found that 
thole pits, being dug in the direction of the veins of ore, 
are too inclined to make Inch a mode of men fur at ion 
practicable. 

At lirft this gave me great concern, hecaule 1 had 
my experiments much at heart ; but 1 was loon made 
eafy by Baron reden, captain-general of the mines. 
<£ You do not want thefe meafurcs,” laid he, c< lince it is 
u of much more confequencc to us, than it can pollibly 
■“ be to you, to know exactly the depth of all the points 
of thefe mines. Without 1'uch knowledge, how could 
u we dircCt ourfelves in boring from one to the other?” 
This conlideration did in faCt difpel all the fcruplcs 
which had made me delirous of meafuring the depths 

mylelf. 


et jo mYtoSs muni ties dudes neeeliaires a cut, diet* Mais lorf quo je fus arrive: a 
Clauftluilj chef lieu dcs mines du Rot, fappris tjue res puds, ereukb dans la 
direftion ties lilons, font trop inclines pour quo cot re dpeee tic mrfure foil 
poffible. jy tins cl’abord beaueoup tie reppvt; puree quo jhtvnis fort a eouur 
ces experiences : mais M« le Baron dk rkj>r n, capitaine-pcn ral ties mines, me 
•tranquillifa bientdt* a Vous n’avey, pas bclbin.de mefuivr/* me dioiL, u il nous 
importe bien plus qu s i yotts tie connoitre exa&cmunt la profontlcur de toys 
'* c les points de ccs mines. Sans cola, comment nous dirigenoruonous, pour 
€fi pcrcer de Time a V autre Cette conlideration en effet, fit diljairoitreplemc- 

meat 
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.myfelf, and by fo doing gave me time for a greater num- 
ber of obfervations. 

The firft of this kind were made in three mines in the 
•environs of Claufthal; called the Dorothea, the Caroline, 
.and the Benedidt. Mr. de reden andMeffi helzener and 
friedrich, chief officers of the miners, went down with 
•me; and, whillt we were penetrating into the bowels of 
•.the mountain, Mr. leyser, fyndic of the mines, and a 
.lover of meteorological obfervations, was obferving every 
.quarter of an hour, at the top of the pit into which we 
had defeended, a barometer and thermometer which, 
.have been lince compared with mine.. 

I had obferved my Barometer at the mouth of the 
Dorothea pit when we were going into the mine at 
half an hour after eleven in the morning; I obferved it 

at 


meat Ies fcrupules qui m’avoient fait defirer dc mefurer moi-meme ecs pro™ 
■fondcurs; ce qui .me facilita un plus grand nombre d’obfervations. 

Les premieres de ce genre fnrent dans trois mines contiguiis des environs dc 
Claufthal; nominees la Dorothee, la Caroline, et la Boned i£lt\ M, jik reejBn 
• et Meff. helzener et friedrich, premiers ofliciers des mineurs, fe donnerent 
la peine d’y defeendre avec moi: et tandis que nous nous enfon^ious dans :lo fein 
de la montagne, M. leyser, findic des mines, et amateur des obfervations 
meteorologiques, obferva de quart d’heure en quart d’heure, au haut du puits 
•par lequel nous etions defcenclus, un barom.etr.e .et un thermometre, qui fureut 
depuis compares aux miens. 

J’avois obferve mon Barometre $n entrant. dans les mines a n§ h, du matin, 
au haut du puits de la Dorothee; je l’oblerai ,au fond de ce puits a h.; au 

fond 
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at the bottom of this pit at a quarter pad one o’clock ; 
at the bottom of the Caroline, at a quarter pad three ^ 
o’clock ; in the lowed fcarching gallery of the Benodia, 
at fix o’clock; and again, at the' mouth of the Dorothy, 
oh our return, at feven o’clock. Dming the fovea hours 
and a half that we had (laid in the mines/, the greated 
variation of the Barometer had not exceeded a quarter of 
a line; and Mr. ley see’s obfervations indicated the times 
when this variation had taken place. 

At my return I calculated thefe obfervations, and gave 
the refults to Baron reden, in order that the fnhter- 
r'aneous Geometer might compare them with the regifters 
which are kept of the depths of all thefe mines, The 
followfihg are the 'refults of thefe calculations, the parti- 
culars of which T like wile lend you. 

The 


fond de coin! dc la Caroline a 3 * K; dans la ^alrrie de rcchnvlu; la j »lui; bafle 
de la Rencdi£W a 6 In ; et enfin je Pobfervai encore a 7 h, enfnt tic re tour i 
Pern tree dti putts de la Doiothcu. Pendant les 7 \ In <jue nous etions relies dans' 
les mines, fa plus grande variation avoit etc <1* { llp;ne ; et; ks ohfcrvai ions clef 
ML leyser me marquoient les terns cm eette variation s'etoi t faife* 
y 'An retour jc caleulai ees obfervations, et j’en rein is les jeiultats u M le Baron 
de. repen, pour les faire comparer par le Gcometre Ibmerrain, avec ks tegitres 
tenus de routes les profondeurs dans les mines* Void, Mcmficur, les refultata 
de ccs calculs, done j*ai Phonncur cle vous envoyer auflfx les details* 


3L»a 
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, o M. de LUC’S Barometrical Observations on 

French toifesr* 

The depth of the Dorothy pit between two] i68>9 6 

fixed points, J 

That of the Caroline, relatively to the famel 

point at the month, J 

That of the loweft fearching gallery of 143,96 

Benedia, relatively to the fame point, 

Mr. Friedrich was appointed to give me the geome- 
Biol meafures. He had been prefent at my obferva- 
tions, and found the refults of them fo near thofe mea- 
fures, confidering they had been fumiihed by a method 
fo eafy, and according to his notions fo extraordinary, 
that he gave me a certificate in due form of the real 
heights, which are as follows » 

The 


Toifos deFr. 

La profondeur du puits de la Dorothee, entre deux points fixes, 168,96. 

Cdledupmtsde la-Carolme, relativement au meme point d’enhaut, 170,74, 
Celle de la. galerie de reclieiclie la plus profonde de la Benedifte, de metnc, 143,9(6 

Ce fat M. Friedrich,, qul fat charge de me communique! les rnefures geo- 
metriques. II avoit ete temoin des obfervations; et il en trouva ks relultats fi 
pres de ces mefares, pour avoir ete fournis par une route fi aife'e et fi fingullcro 
ifas yeux, qu’ii m’expldia un certificat en dues formes de ces hauteurs reellcs: 
elks etoient comme fain 
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Lachters* 

The depth of the Dorothy, from the points 
of obfervation, 

That of the Caroline, 173,9a 

The gallery of the Benedict, 144,79 

I could not at firft judge of the agreement of the two 
meafures, becaufe it was neceffary to know the relation 
between theLachter and the FrenchToife. I had brought 
with me a very accurate half Toife, which we compared 
with the half Lachter, and found the latter fhorter than 
the former in the proportion of 61 to 62. 

Reducing then, according to this proportion, the geo- 
metrical meafures above mentioned into French toifes, 
we fliall have, 

The 


| * 72,31 


Lachters, ou toifes 
du Hartz. 

Lc puits de la Dorothee cn partant des points des obfcrvations, — > 172,31 

Celui de la Caroline, — — 173,92 

La galerie de la Benedi&c, — — — ~ 144,79 

Je ne pus pas juger d’abord da rapport des deux mefures, parccqu’il falloit 
connoitre celui de la Lachter avcc la Toife de France. J’avois apporte avec mot 
une demi Toife fort exadtc ; nous la comparames a la derm Lachter, et nous trou- 
vames celle-ci plus courte que la demi Toife dans Ic rapport dc 61 a 62. 

En reduifant done fuivant ce rapport, les mefurc* geometriques ci-ddTus cn 
Toifes de France, nous aurons : 


Hhh ft 


Le 
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* . 1 v 1 French toifcs* 

Tlie pit of the Dorothy, . 169,53 

That of the Caroline, 171,12 

The gallery of the Benedict, 142,42 

The' geometrical meafures come then very near the 
barometrical ones, for they only differ by 

Toifes. 

In the fir'll obfervaition, 0,57 fhort. 

In the fecond, • . -0,38 fhort. 

In the third, 1,54 exce ^ s * 

I was really furprized to have come fo near to the 
geometrical meafures (which, as I fhall have occafion to 
mention hereafter, may be looked upon as the real 
heights) for I had imagined, that the exhalations of all 

kinds 


Toifmle IV. 

Le puits 3 e la Dorothee, - — — — 269, 53 

Celui de la Caroline, — - — 171,12 

La galerie de la Benedifte, — — — 142,42' 

Les mefures geometrigues s’approclient alors de bien pres des me fares baro- 
-metriguesj pnifque^celles-ci different fenlement des autres favoir: 

Toife. 

*Dan$ la premiere obfervation de, 0,57 en defaut. 

Dans la feconde de, 0,38 auffi en defaiit, 

Dans la troifieme de, ' 1,54 cn execs, 

^ us Teellement furpris d ? avoir approche de £ pres des mcfim s gf ometrlqnes ; 
tomme j’aorai occafion de le dire enfuite, peuvent ctr© regardees cunmc 
Jes kantenrs reelles. Car j’avois imagine, que les exhalaifons dc tonte efpecc 

gui 
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kinds ill the mines muft in fome mcafure affeft the com- 
mon laws of the air’s clafticity in different degrees of 
heat, if not its abfolute elafticity. On red offing, however, 
©n this lingular conformity of the air in mines with the 
external air, I foon found the caufe of it in the extreme 
care taken to procure a circulation of external air in the 
mines, in order to prevent the pernicious e Rod s of the 
exhalations: fo that the fame means, which really. pre- 
ferve the health of the miners in their fubterraneous 
abodes, give the air which circulates in them, and more 
efpecially that of the pits in which are the principal 
currents, the properties of the external air as to baro- 
metrical meafureraents. Doubtlels this is the caufe of 
that interefting phenomenon, as fatisfadory for the fe- 
curity it gives to the lives of the miners, as for the ap- 
plication of the laws of aerometry : this was again con- 
firmed by obfervations I made fome clays after in other 

mines, 

qui fc repandent dans les mines, tlcvoicnr y ahdver lea loi x communis do PcIaflP* 
cite de Pair en diflerens degres dc dial our; ct prut-etro Ion chiflieuc ahiultiiL 
Mais en roflechiffant enfuite fur cctte fmguluTu confomiiu: de Pair des mines, 
avec Pair exterieur, j ? en apper^us la caufe dans le foin exticmo <pfon prend tfy 
faire circuicr Pair exterieur, .pour cmpechcr les mauvais diets des exhalnifum. 
‘Kmfi les memes moyuns qui con fervent m/Ilunent la faute dns mioeurs dans' 
fours demen res fouterraincs, donuent ii Pair qui y circule, ct fmtout dans Joss 
•puits, ou font les principaux courants, Ics.proprietes de Pair exterieur dans les 
mefures baronictriqucs. Cfoft la fans doutc la caufe dc cet intcrclJanl pluSno- 
' menc, auffi tranquiliifunt fur lc fort ties m incurs, quo fur Implication des regies 
* sPaerometric. Ce qui fe cohfirmc encore par cPautros obforvattons quo je fki 

quelquas 
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mines, where indeed I met with fome irregularities, but 
not fuch as might have been expected from barely con- 
fidering the local tircumftances. 

Thefe mines are in the Ramelfberg near Goflar. The 
ore that is chiefly extrafted from them, as well as from 
thofe of Claufthal, is lead; but they are worked in ano- 
ther manner. Theveinof ore, which is near eighteen toifes 
broad, is extremely impregnated with pyrites: infomuch 
that, when you heat it, the vapour of the fulphur, which 
difengages itfelf, burfts the ftone, which falls down in 
large fragments. The method then is to light great fires 
againft the rock; and, when they are extinguiflied, the 
miners afiiftwith their inftraments the fall of the ftones, 
that may {till remain fufpended. 

Sulphureous vapours, therefore, conftantly difengaged 
from the heated ore, circulate in the caverns of the 

mountain, 


quelques jours apres dans d’autres mines, ou je trouvai quelquc irregularity mat# 
non point fuivant ce que les circonftances locales fembloient devoir enprotluire. 

Ces mines font dans le Ramelfberg, pas dc Goflar* Elies fourniffent pna* 
cipalement du plomb, comme celles de Claufthal; niais on les explolte d\mc 
autre maniere. Le illoh, qui a pres de 18 toifes de large ur, eft extremcment 
penetre de pyrite; tellement qu’en Fechaufiant, les vapours du fouffre qui fc 
degage, font crevafferla pierre, quitombe d’elle-m&ne cn* grand larabeaux. On 
allumedonc de grand feux contre Ierocher j ct lorfqu’ils fonttfteints, lesmineurs 
aident avec des inftrumens, la chute des pierres qui font encore fulpuidues. 

II fe detaclxe done prefque conftamment du mineral echauffe, des vapours fuU 
furenfes, qui circofrnt dans les cavernes de la montagne, et dans les pints et 

foupiraux; 
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mountain, and in the vents and pits by which they com- 
municate with each other. The day I entered them, was a 
day of reft for the miners ; and there was no other fire but 
that which Mr. roeder, their principal, was kind enough 
to order to be lighted, that I might form an idea of this 
method of working mines. N otwithftanding this, I could 
perceive here and there fulphureous vapours, which in 
fome places were even ftrong enough to occafion a very 
troublelome fenfation of fuffocation. In fome places I 
felt the remainder of the heat communicated to the rock 
from whence thefe vapours were exhaled ; and in fome 
caverns, where the fire had only been put out the even- 
ing before, FAHRENHEIT’S thermometer rofe to 1 1 o°. But 
this very heat is a raoft powerful ventilator, as it makes 
the external air circulate in thefe mines. Indeed the cur- 
rents of air are fo rapid in them, that one is obliged to 

have 


foupiraux par Icfquels ccs cavernes communiqucnt les vmes aux autres, Le jour 
que j’y entrai utant un jour do repos pour les mincers, il n’y cut dc feu dans les 
mines, que celui que Mr. roeder leur chef cut Fhonuctete do fairc allumer 
pour me donner unc idee de cctte exploitation. Ccpendant j’apper^cvois $a et 
la des vapeurs de fouffre ; etfouvent munc dies dtoient alfcz fortes, pourm’oe- 
cafioner un fentiment de fuffocation triis peniblc. Quclqucfois auffl j’cprou- 
vois les reftes de la chalcur communiquee au rocher d’ou ccs vapeurs s’exha- 
loient : et dans quclqucs cavernes ou le feu n’etoit cteinc que dcs la veille, 1c ther- 
mometre de FAHRENHEIT, monta jufqu’a no 0 : mais cetto chaleur meme eft 
un ventillateur tres puiffant, pour fairc circulcr l’air exterieur dans ees mines,. 
Auffi les courants d’air y font-ils fi rapides, qu’on eft oblige d’avoir desportes k 
S. ' lleatreec 
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have doors at the entrance of each gallery, and fome- - 
rnnes many of them one after an other, without which it- 
would not be poSible to keep any lamps lighted in - 
the is fuh terraneous regions. 

It is probably to this con. it ant renewal of the air, that- 
the miners of Rameliberg are indebted for the good- 
health they enjoy, notwithitanding the prodigious heat 
they feel while they ai'e at work, and the quantity of ful- 
pliur which exhales from every party and it is like wife 
probably from this caufe that my barometrical obferva- 
tions gave me the heights more exactly than I ^-ald 
have expected from thefe circumilances. The following 
are the refnlts of thefe obiervations, the particulars of 
which you likewife have fubjoined. 

Height - 


i"en tree de routes k-s gakrics; et qckqucfois Dime plriieers de fuite; fans quoi 
il ne ferc-it pas poflitle c!e terdr les lampes albumens dans ces fouterxvnns, 

C’eit fans cloute a ce reaoevelLement continue! dt fair, que ks mincers du 
Raineltber * doivent la bonne fanre ciont Us jouiifent, nialgrc la chaleur prodi- 
gkufequbls eprouvent pendant le terns de leur travail, et laquantite de foufre 
cui s’exhale de touts part; et c'effc auiii probablement la caufe, de ce que roes 
obiervations du Barcmetre, me donnerent les hauteurs, plus exaftcraent cue Je' 
ne rattendois d’apres ces circonfknces. Void, Moniieur* les refultats de ces 
enervations, dont vans avez auffi les- details ci-joint* 


Hauteur 
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4*7 

French toifes. 

Height of the gallery of Breitling, above the 
bottom of the pit of Kaunkuhl, 

Height of the entry of the mines, above the I 
gallery of Breitling, J 

Height of the top of the pit of Kat!tnkuhl,'| 
above the entry of the mines, by external 
obfervations, 


44i4 r 


27,04 


41,27 


Depth of the pit of Kaunkuhl, meafured ini , 
three parts, one of them without the mines, J 1 


12,72 


Depth of the lame pit, determined by imme- 
diate ohfervations made at the top and the 
bottom, 




I could not get the geometrical meafures the fame 
day, becaufe there was not time enough left to look for 

them 


‘ Toif. de Fr. 

Hauteur de la galerie de Breitling,, fur le fond de puits de Kaunkuhl, * 44,41 

Hauteur de Fentre’e'des mines, fur la galerie de Breitling, 27,04 

Hauteur du haut du puits de Kauiikuhl, fur i’entree ties mines, p&r des * 
obfervations exterieures. 


■} 


4 I J 2 ? 


Profondeurdu puits de Kaunkuhl, mefure en trois portions, dont une 
a l’exterieur'd'es mines. 


j" II 2 > 7 2 




Profondeur du meme 'puits, deteraiinee par des obfervations imme- 
dteS, au fond et au haut, 

je ne pus pas avoir d’abord les mefures geometriques: parce qu’il ne refta pas 
; Voi. LXVII. Iii ' affer. 


1 : 
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them then. But the day after Mr. roeder fent them to 
Mr.DE usleRj Comptroller of the treafur.e, who had been 
hin d enough to accompany me to- Ramelfberg, and- in- 
all my fubterraneaus rambles. Mr. roeder likewife 
came with us; he took notes of the places where the 
obfervations were made, and fent the following rhea-* 
fures, which I have reduced into French toifes. 

French toifes* . 

Height of the gallery of Breitling, above the 
bottom of the pit of Kaunkuhl, 

Height of the entry into the mines, above, the 
gallery of Breitling, - 

Height of the top of. the pit of Kaunkuhl, 
above the entry of the mines, 

H3.94 

Hence 


46,86 

25,76- 

41,3a-. 


affez de terns pour les chercher le meme jour* Mais des le lendemain Mf 
rdedep les envoya a M. de-usler, Controleor du • trefor, qui aveiteu la 
b©me cle me condulre au Ramelfberg et dans toute. ma route fou terrain e*’ Mi 
roeder nousy avoir accompagnes; il avok prisnote des lieex ou s’etoient Faites 
les obfervations; etil envoya les mefures ci-spres, qu*e j’ai feulement xrhangees : 
en Toifes- de France, 

Hauteur de la galerie de Breitling, fur le fond du poits de Kaunkuhl,' , 46,86 
Hauteur* de fentree des Mines fur la galerie de Breitling, - 25,76 

Hauteur du hant du pults de Kaunkiihl fur Fentree des mines,*. , 41, ^ 


: « 3 > 94 . 
II' 
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Hence it follows, that in the meafurement of the 
total height of the pit, the barometrical meafure dif- 
fered from the geometrical one by 0,81 toife, or about 
in defect; that in the meafurement of a part only of 
this height, made without the mine, it differed only 
by 0,05, or about — , likewife in defedt ; but that in the 
two other portions of the height, taken within the mine, 
it differed in the one by -D in defedt, and in the other 
by — in excefs: and hence we obferve, that the ab- 
folute errors are only of toifes and toife; and that 
thefe fmall differences may have arifen from fome fault 
in the obfervation, as well in fmall heights as in greater 
ones: and in this cafe, where the errors are in defedt 
and excefs, it is probable that they arife from fome fuch 
caufe; and that the fulphureous vapours have little or 
nothing to do with them. 

Having 


'll refulte de la, .que fur la hauteur totale du puits, la mefure baromdtrique .a , 
differe de la mefure geometrique, de 0,81 toife, foit d’envirbn en 'defaut; 
-que dans la mefure d’une partie de cette hauteur, faite en dehors des mines, 
elle n’a differe que de 0,05, foit d’environ auffi'en defaut: mais que dans 
les deux autres portions de la hauteur, prife fans Finterieur de la mine, elle a 
differe dam Fune d’-^ en defaut, et dans Fautre d* tT en exces. Sur quo! 3 . 
faut remarquer; que les erreurs abfolues ne font que de 2 J toifes, etd’ if toife; 
etque ces petites differences peuvent refulter de quelque defaut dans Fobfervation, 
auffi bien fur de petites,’ que fur de grandes hauteurs. * Et dans ce cas-ci,. oti 
les erreurs font en exces et en defaut, il eft bien probable qu’elles tiennent a cela, 
etque les vapeurs fulfureufes ffy entrent pour rien de fenftbleu 

Hi % Apres 
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Having made thefe experiments within the mines, I 
was deiirous of making feme in the open air, which I 
had foon a very, agreeable opportunity of doing; for 
having communicated my defire to Mr. reden, he and. 
Mr. rausch, the principal of the fubterranepus geome- 
ters, were fo good as to be of the party. The latter- had 
had occafion to determine moffc accurately theheight of 
tvvo external points of the Hartz, relatively to. tbemines 
of Claufthal and Zellerfeld. Nothing- more* therefore* 
was required but to obferve the Barometer at, the entry 
of a certain uqine, which- was a fixed pqintj aqd; to - 
obferve it h again at thefe two external points ;yonq of; ; 
which, was about 300 a toifes horizontal difiiance, beyonjd.: 
a fmall hill; and the other* 500& toifes o|F,, entirely 
without the Hartz. 

We 


Apres avoir fait ces experiences dans I’interieur des mines, je deiirois beaucoup 
d’en faire auffi en plein air. L’ayant temoigne a M. de reden, il m’en fourait 
an moyen tres agreabls 5 car lui meme, etM. rausch chef desgeometres fou- 
terrains, farent dc la partie. Ce dernier avoiteu befoin, a rbecafioa d’un projet 
de galerie d’ecoulement, <k determiner aygc fe plus grande exadlitude la hauteur- 
de deux points extarienrs an Hartz, relativement an mines de Claufthal et de- 
Zellerfeld. II ne s’aglftbit done quede faire I’obfervatioadu Barometre a l’entree- 
d’une certaine mine, qui etoit un point fixe; etde l’aller faire enfuite a ces deux, 
points exterieur's; dont 1’un etoit a environ 3000- toifes de diftance horizontale,. 
as de la d’sne colline, et 1’autre. a 5000 toifes, entieremen^ au dehors dm 
Hartz. 


S 


Noua 
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We carried this project into execution on the 30th of 
October, when I found the following heights by the 
calculations hereunto annexed- 

French toifes. 

Height ,of the entry of the mine, called Alte" 

Seegen, above a certain point in the valley i 10 2., 18 
of Bremeke, 

Height of the entry of the fame mine, above" 

another point near Lasfelde, in the valley i 173,81 
of Ofterode, 

After I had calculated thefe obfervations, Mr. rattscht 
was £0 good as to give me a profile of our rout, on which 
the points above mentioned were marked. Their heights*, , 
reduced to French toifes, are as follow 


The. 


Nous executames ce projet le 30 Oflobre; etje trouvai les- hauteurs fuivantes 
paries caiculs cl joints de mes obfervations. 

Toifes cfe *Fr.»; 

Hauteur de 1’entree de la mine, nominee Alte Seegen, au deffus <Pun 
certain point dans la vallee. de Bremeke^ 

Hauteur de ia meme entree de mine, an deffus* d’ 
de Lasfelde, dans, la vallee d’Ofterode,- 
Apre& que j’eus*.calcule ces obfervations, M* &ausoh eufr la bonte de me* 
donner un profil de la route que nous venions defaire, ou les points ci-deffu^ 
etoient marques, , Leur hauteur, reduite en Toifes de France, , eft comme foifo. 


un autre point pres j , T ^ x 
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The point of the -valley- of Bremeke. below Alte 
Seegbn, * - • 



00,85 


• That of the - vale of Ofterode, 173,56 

'Confequently, one of thefe barometrical meafures, 
■taken in open air, was found to agree very nearly with 
the geometrical meafure; and the other differs only i| 


■toife in excefs. 

The only thing that remained to be enquired into was, 
-whether the geometrical meafures could really be relied 
on; but I ioon found that I might truft to the impor- 
tance they were of to the miners, as well as to the daily 
experience of the truth of them ; although they be 
made in fo very lingular a manner, that one does Hand 
an need of this experience, to be perfuaded of their 
.exadtnefs. 


A twilled 


Le point dela vallee de Bremeke, au deffons d’AIte Seegen, 100,85 

Celui de la vallee d’Ofterode, J 172,56 

,Ainfi, l f une de ces mefures barometriques fakes en plein air, s’eft trauvee 
prefqu* entierement femblable a la mefure geometrique; Pautre n’en diffefe que 
tPunetotfe et tin tier en exces, ' < ’ ** 

II ne s’agiiTok plus que examiner, ft les mefures georoetriques etoiexit vrai- 
meiit dsgnes de condance* Mais je vis bientot, que je pouvois me repofer a cet 
,«gard fur Importance dont 51 eft pour les mineurs qiftelles l*e foyentf et fur 
Pexperience qui les verifie tons les jours* Cependant dies s'executent dbine 
tuaniere ft fiogufiere, quftl faut reellement cette experience^ pour fe perfuader 
.gullies font exa&es, 

Vn 
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A twilled brafs' we five toifes long, two puncheons, 
a femi-circle, and a compafs, are all the inftruments made 
ufe of by the fubterraneous Geometer; By means of his 
two puncheons, he extends his wire in the direction of the 
Way which he is meafuring : and by practice he acquires 
a habit of always firetching it to the fame degree. His fe- 
mi-circle, which is very light, being fufpended at the mid- 
dle of the wire, fhews him its inclination. By this means 
he has a right-angled triangle,.of which the hypothenufe 
and angle at the bafe are known; He has confequently 
the vertical height- and horizontal diftance gone over*. 
After this he fufpends his compafs to the. wire, in order 
to find out its declination, and confequently the direction 
of his horizontal line. It is in .this manner. that ;he .draws 
the plan and fedtion of thefe fubterraneous labyrinths. It 
is likewife by this means that he goes over hills and vales,, 

in 


Un fil de leton tordu de 5 toifes, deux poingons, un demi-cercle 7 et une botiffble* , 
font tons lesinftrumens do Geometre fouterrain. II etend fon fil, par le moyen 
de fes deux poin^ons, dans la direction du trajet qifil -mefure; l’habitude le iui 
fait tendre toujours au raeme degre* Son demir-cercle, qui eft fort leger, etant 
fnfpendu-.au milieu de ce fil, Iui en montre Tinclinaifon; il a. par ce moyen un . 
triangle re&aagle, dont 1 ’hypothenufe et Tangle fur la bafe. Iui font cpnnus ; - 
il a done la hauteur verticale et la diftance horizontal e parcourues. . 11 fulpend^ 
en-fuite fa bouffole au raeme hi, pour en connoitre la declmaiion, etpar confer - 
quent la dire&ion de fa ligne horizontal. Celt ainfi. qu 9 ii tire le. planet la 
coupe de ces labyrlnthea iouterrains : et e’eft ainii encore qu’il va chercher an - 
3 ' ‘ dehors?*. 
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in order to determine points correiponding to his pits 
and galleries. 

But is this a method that may fafely be depended 
upon ? The fait anfwers, and faves ns the trouble of long 
reafonings. A miner, folely upon the faith of his Geo- 
meter, and in the abfolnte obfcurity of the entrails of 
the earth, undertakes a labour that is to toil him years, 
in daily boring through a rock. Another miner fets Out 
to meet him from fome other mine, or from without. At 
the end of a determined meafure, the Gnomes- begin to 
hear each other, and at length they meet. I have ob- 
fe-rved fome of thefe points of rencounter in the galle- 
ries; k is fbmetimes difficult to perceive the fmall wind- 
ing which has been neceffary for their meeting end to 
end* 

It 


dehors, a tracers les vallees et les collines, des points correfpondants a fes gale- 
xies et a fes ptiits. 

Efi-ce ddncr la tmc methode *dans laqtreiletsn 'puilfe vraimeftt prendre coh- 
francer Le fart parle ici, et epargne les raiformemens. Le roifieur, fur la foy 
de fea Geometre, s’avantare a entreprendre, dans Pabfoiue nuit des entrailles 8e 
fa- ter/e, an- tnwail qurt lot coutera bes anftees, fen perqafit joUriiellemfent le 
roeber. On vient a fa rencontre, de quelqu’autre mine, bu dtt dehbrs. Atf botit 
de-la mefcre detennmee, ties Gnoses viennent a Entendre; etfenfinils ffetrou- 
Vtet. fii vaplnfienwde ces points dfe rericctatfe dabs les galeries; oft a peine 
qpelqoefeis-a apper^evoir Ife petirevafemencqb’il "a fiire, pout qu’dles fc 
*' ! J sen* bbat -a bbw* 

? 11 



the Depth of the Mines in the Hartz. 42,5 
It remains, sir, that I communicate to you feme other 
barometrical obfervations, not verified by geometrical 
furvey; by which I have determined the height of feme 
points of the Hartz relatively to the plain, and chiefly 
the higheft point. 

This greatefl elevation, called the Blockfberg or 
Brocken, is fituated in the eftate of Count de vernigue- 
rode. It was my firft excurfion on my arrival at the 
Hartz, and I made it in the company of Mr. reden. 
We fat out from Claufthal at ten o’clock, and arrived at 
Oder-bruck, a hamlet fituated at the foot of the Brocken, 
at half an hour after two in the morning. We intended 
fetting out at day-break, in order to reach the top of the 
mountain by fun-rife, becaufe that is the moft favourable 
moment for feeing the great extent of country, which is 
difcoverable from this eminence ; the vapours, which by 
degrees tarnifh the picture, not having yet rifen. On 

this 


II me refte a vous communiquer, Monfieur, d’autres mefures barometriques, 
non verifiees, par lefqu’elles j’ai determine la hauteur de quelques points du 
Hartz relativement a la platne, et principalement le plus haut point* 

Cette fommite la plus elevee, nominee le Blockfberg ou Brocken, eft fituee 
dans les terres de M. le Comte de verniguerode. Get fut ma premiere courfc 
lorfque j’arrivai au Hartz; et M. le Baron de reden la fit deja avec moi. Nous 
partimes a 10 h, du foir de Claufthaul, et nous arrivames a 2 | h. du matin a 
Oder-brucke, hameau fitue au pied du Brocken* Notre intention etoit de nous 
rnettre en marche a la pointe du jour, pour arriver au lever du fbleil au fommet 
de la montagne; pareeque e’eft le moment le plus favorable pour voir l’immenfe 
pays que Ton decouvre de cette hauteur: les vapeurs qui peu a peu terniffent le 

ob, LXVIL K k k tableau* 



4 a 6 M. de luc’s Barometrical Observations on 
this occafion, however, other vapours rendered our noc- 
turnal courfe ineffectual. Clouds refted on the top of 
the mountain, and w r e hefitated a long time whether or 
not we IhouM put off the party to another day. At length 
a ray of hope having broke forth at Oder-brucke, we de- 
termined to let out for the mountain. It was then nine 
o’clock in the morning, and, had we had fair weather, an 
hour would have been fufficient to have carried us to the 
top ; but the clouds growing thicker and thicker, we loft 
our way, notwithftanding we had guides ; and, had it not 
been for a map and compafs which M. de reden had 
provided himfelf with, we fhould not probably have ar- 
rived at the top of the Brocken that day, having been for 
fame hours wandering round it, without drawing nearer 
to it. We did at length reach it at noon, being ourfelves 
as well as the mountain covered with ificles. The wind 

was 

tableau, n’etant pas encore elevees. Mais d’autres vapeurs rendirent inutile 
notre courfe de cult: les nuages s’emparerent du haut des montagnes; et long- 
tems nous hefitames fi nous ne renverrions pas la partie a un autre jour. Mais 
enfin an rayon d’efpt ranee ayant luit a Oder-brucke, nous nous determ inames a 
partir pour la montagne. II etoit 9 i. du matin ; et une heure eut fuffit pour nous 
rendre au fommet, fi nous avions eu beau terns. Mais ies nuages s’etant epaiffis 
toujou rs d’arantage, nous nous egarames malgre nos guides; et fans unebouffoie 
et une carte de ces montagnes dont M. de redsn avoit eu la precaution de fe 
munir, nous ne ferions peut-etre pas arrives de tout le jour au Brocken, autour 
duqucl nous toumions, fans le trouver. II etoit midy lorfqu’enfin nous l’attei- 
|jnimes; etant nous'mecnes couvers de vergias, comme toute la montagne. II 

faifoit 
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was very high, the thermometer flood at 3 i-i of Fahren- 
heit ; and the clouds, chafed by the wind, covered event 
thing with a cruft of ice that formed itfelf perceptibly to 
the eye. 

I had taken with me a new hygrometer, conftracted 
upon the principles of that I had the honour to prefent 
to the Royal Society four years ago, but corrected in many 
things where experience had taught me better. I was in 
hopes, by taking it to the Hartz, of being able to repeat the 
experiment of the great drynefs of the fuperior regions 
of the air, which I had made formerly on the Alps; but 
it happened quite otherwife, and I was not forry for the 
contrail. Being arrived at the top of the Brocken, I fuf~ 
pended my hygrometer on the outfide of a fmall hut, 
which M. de verniguerode has had the humanity 
to eredt for the benefit of fuch obfervers as fhould 

come 

faifcit un vent affez fort, le thermometre etc it a 3 1 J de Fahrenheit; et les 
images diaries par ie vent, couvroient tout dune croute de glace, qni ie formoit 
a vue d’oeih 

J’avois porte avec moi un nouvel hygrometre, confiruit fur les principes cle 
celui que j’ai eu Fhonneur de prefen ter a la Societe Roy ale il y a quatre ans; 
mais ou jVi corrige pluficurs des defauts que l’expe Hence m’a deja fait decpuvrit 
dans ma premiere tentative. . j’efperois en le portant au Hartz, de r^peter Inex- 
perience de grande fecherefle des coaches fuperieures de Fair, que j’avois fatte ct 
devant fur Tune des fommltes des Alpes. Mais il en arriva tout autrement: et 
je ne fus pas fache du contrafte. Arrives done enfin au fommet du Brocken, je 
fufpendis mon hygrometre au dehors d’une petite hute, que M. de vernigue- 
robe a eu Phumanite de faire batir pour fervir de refuge aux curieux dans le 

Kkk 2 ■ . : 



428 M. de lug’s Barometrical Obfervations on 
come there in bad weather. In an inftant the ivory, of 
which this new inftrument as well as the former is con- 
grafted, was covered with Hides ; and what merits fome 
attention as to the matter of the humor , the hygrometer 
was by that means brought very nearly down to the 
point of extreme humidity. 

I lhall not here detain yon with accounts of feveral 
other obfervations made with this inftrument in the 
courfe of my journey. I am much better pleafed with it 
than with the firft, for many reafons ; however, I have 
not got over all the difficulties, but luckily alfo I have not 
exhaufted all the refources. 

I likewife obferved the Barometer on this eminence ; 
I had done it at fetting out from Oder-brucke, and did it 
again on my return. I had likewife correfponding obfer- 
vations at Claufthal, and during the whole of my journey 

I had 


mauvais terns. En xm inftant Fyvoire, dent ce nouvel inftrument eft fait 
comme le premier., fot convert d’une couche de verglas; et ce qui merite quel- 
le attention dans la matiere de Fhumor > I’liygrometre fut reduit par la a tres 
pen pres au point de Fhumidite extreme. 

Je ne m’arraterai pas ici fur quelques autres obfervations que j’ai faites avec 
cet inftrument pendant moa voyage. J J en ai ete pins content que du premier a 
divers egards. Cependant je ne fuis pas au bout des difficultes : mais heureufe- 
xnent non plus* je ne fuis pas an bout des refources- 
Je fis anffi Fobfervation do barometre fur cette hauteur. Je Favois- faite, eia 
partant d’Oder-brucke, et je la fis au retour. J’avois aufli des obfervations cor- 
refpondantes a Claufthal ; j’en eus pendant tout men voyage de journaillcres^. a 

5 Claufthal*, 
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I had daily ones regiflered at Claufthal, at Gottingen, and 
at Hanover. From all thefe obfervations I computed the 
height of Oder-brucke above all the above-mentioned 
places, by calculations which I have annexed. 

French toifes. 

The fmall hut, at the fummit of the Brocken 1 

above Oder-brucke, j 1 ^ 2 ’93 

Oder-brucke above Claufthal, • 91,39 

Claufthal above Gottingen by 1 7 obfervations'' 

correfponding as to time, between Profeflor > 210,21 
erxleben and myfelf, ^ 

Gottingen above Hanover by 16 fimilar obfer-T 


vations, between Mr. erxleben and M. de 

HINUBER, 


56,4s 


Total elevation of the Brocken above Hanover,. 530,98 


It 


Claufthal, a Gottingue, et a Hanovre. De toutes ces obfervations j’ai conclu 
la hauteur du Brocken fur tons les lieux ci-deffus, par les calculs ci-joints, dont 
voici Fextrait 

Toifes de Fr*. 

La maifonette an fommet du Brocken, fur Oder-brucke, 172,93 

Oder-brucke fur Claufthal, 91,39, 

Claufthal fur Gottingue, par 17 obfervations correfpondantes pour le 
terns, entre M* le Profeffeur erxleben et moi 3 
Gottingue fur Hanovre,, par 16 femblables obfervations entre M. 

1RXLEBEN et M. PE *HINUBER, 

Hauteur totale du Brocken fur Hanovre, 530,98* 



U 
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It will be eafy to come at the elevation of Hanover 
above the level of the fea, in order to compleat this mea- 
lurement: correfponding obfervations of the Barome- 
ter will be fuffic.ient for that purpofe. In the mean time 
it is eafy to eftimate either by the Barometer itfelf (the 
mean height of which during the month of October was 
30,1 Engiifh inches on a fecond floor) or by the fmall decli- 
vity of the rivers between Hanover and the fea, that the ele- 
vation of Hanover above that level is not very confiderabie. 

Such, sir, are the 1110ft interefting obfervations of this 
kind which I have been able to make in the Hartz. It 
appears to me, that they are of a nature that fhould en- 
courage us to examine more and more into the phyfical 
principles on which they depend : principles, the exten- 
five confequences of which promife new fteps in our 
inveftigation of nature, not only upon our globe but alfo 
in the heavens. 

A Be- 


II fern ai A. de favoir la hauteur de Hanovre fur le niveau de la mer, pout 
completter cette me lure, Des obfervations correfpondantes do barometre, fuffi- 
ront pour cela. Mais en attendant il eft aile de juger, foit par le baronietre lui 
mime, dont la hauteur moyenne le matin, pendant le mois d’Oftobre, fut 30,1 
pouces Angloisa un feconde etage; foit par le pen de pente des rivieres jufques a 
la mer; cjue Felevation de Hanovre au deffus defon niveau n’eft pas bien grande, 
Voila, monfienr, les obfervations les plus intereffantes de ce genre, que j’aie 
faites dans le Hartz, 11 me femble qu’elles font propres a donner le courage 
examiner de plus pres tous les principes phyfiques fur lefquels elles fe fondent; 
principes, dont les confequences tres etendues, nous promettent de nouveaux 
pas dam Fetudede la nature, non feulement fur la terre, mais dans le ciel. 

Defer iptlcn 
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d Detail and Calculations of Barometrical Obfervations 
made at the Hartz in October 1776. 

Obfervations in the Mines of ClaufthaL 

October 26, 1776, at twenty minutes paft eleven in 
the morning, I obferved my Barometer at the entrance 
of the pit of the mine called Dorothy, and found it (after 
the allowance made for the heat both in this and all the 
following obfervations) 26 in. 4. 1. — French meafure. 

Syndic leyser’s Barometer being placed near mine, 
and obferved every quarter of an hour throughout the 
whole day, fell a quarter of a line, between half and three 
quarters of an hour after twelve, and did not vary fenfibly 
till four o’clock. It then had a tendency to rife, for it 
was flationary, though the Thermometer fell ; fo that, on 

' coming 


Defer ip tion et Calends des Obfervations du Baromkre fakes au hartz* en 

October 1776* 

Obfervations dans les Mines de ClanfthaL 

* 

Le 26 O&obre, 1776, a ix h. 20 m. du matin* j’ohferval mon baromitre k 
Fentree du pints de la mine nominee Darothee; et je 1 c trouvai (la correftiort 
etant faite pour la chaleur et dans toutes les obfervations fyivantes) 
26 p. 4I de France. 

Le barometre le iVL le Sindlc leyseu etant place aupris du mien, et obferve 
enfuite pendant tout le jour de quart d’heure en quart cFheure, defeendit cF | de 
ligne de midi § a midi | ; et ne varia plus fenfiblement jufqn’a 4 heures. Alors 
il tendit a remonter; car il fut ftationaire quoique ie thermometre baiflait : 

tellement 
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coini n g out of the mines, my Barometer, after the cor- 
rection for the Thermometer, was much at the fame 
point as when I went in. 

I had not made any obfervations in the mines before 

Xr» 

this firft variation, fo I will look upon 26 in. 3 1. as 
being, the height of the Barometer at the top of the pit 
of the Dorothy during my obfervations in the internal 
part of the mines till three o’clock; But at fix o’clock I 
lhall fuppofe it at 26 in. 3^. 

At 


tellement qu’au fcrtir des mines men barometre, apres la correction pour le ther- 
mometre, fe trouva prefque an meme point que lorique nous y etions entres, 

Je n’avois point encore obferve dans les mines avant le terns de cette premiere 
variation; alnii je regarderai 26 p. 3 1, x§ comme etant la hauteur du barometre 
an faaut du puits de la Dorotbee pendant mes obfervations dans l’iaterieur des 
mines jufqifa Si Mais a 6 fa, je la fuppoferai a 26 p* jxi* 


A i fa* 




irifrl 
■ r * . „ 


I — ll * c!l l\\ O iCCt ) 

from the bottom of the l 2 7 _l - : - 

1 

well ci' the Dorothv, j 

j ' J 

At the top of the pit } 26 3 1 


'0 2.-0 


rrence, 


The thei 


building which is coerth 


lennometfr on the out'uie o: 00: 

e mine net w —22 
of mv fcaie for the dilatations of rh? r-h ; "on: 
this external ten.122err.ture reached a verr hide 

A f ' f 

way into the mine. At the bottom of the f 
pit the thermometer was -15. I recncn the - 
mean temperature -1575 and ccnfequentiy I j 
am to deduct yf-^ from the heignt icmid by | 
the log, — • • — — j 


Depth of the Dorothy pit in French toifes, 168,959 


At 


P. L. 

A if h. a 2 piedsdu fond adluel du puits de laf lz 

Dorothee, — — — j 2 7 4 * >■*> 

An liaut du puns, — — • 20 3 13 


16 tie Lie. Log;. 

= 5260 37209,857 

= 5053 3 AA A 3 


Difference, — — — 

Le thevmometre an dehors du bailment qai ccr.vrc Li mine etc- itl 
a —22 de mon echelle pour les dilatations de fair. hiais cottc | 
temperature exterieure s’etendoit bicn pea avnnt dans la mine. Au { 
fond du p nits, le thermometre etoit —15* je ibppofe la tempera- ( 
ture moyenne — 1 5f , et en confequence jc dots cledulrc T t,-* 5 de la 
hauteur trouree par les log, — — ^ — j 


* l+ y 


5 > 4 2 j 


Profondeur du pints de la Dorothea, en toifes de France, — 163*959 


You LXVIL 


L I 1 


A 3 J 
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In. L, * x 6th of Lines* 

At 3-fh. at a foot and 
a half from the bot- 
tom of the laft ladder 
of the Caroline, - j 


Log. 


” 1 2,7 4. 13 = 5261 37210,683; 


At the top of the pin ,7035,403 

of the Dorothy,- - J 3 3 5 53 37 3a ’ 4y;s 

Difference, — — I 75 >I 9 C> : 

In the pit of. this mine my thermometer 
flood at —11 of the. fcale for the dilatations 
of the air. . But the outfide thermometer being \ 4,45 5 

then at -23^, I reckon the mean temperature 
at - 1 3, and confequently I deduct - - 


The bottom of the pit of the Caroline] 
below the entrance of the pit of the Doro- 


*■70,73 5, 


At 


P* L. . 16 de Lig. Log; 

A a I* 11. a 1 1 pled do has de la derovechdte 1 , ✓ © 

deia Carolbef ^ ^ - j 2 T 4 13 = 5 a 6 r ■ 37^10,683 

Au haut do puits de laDcrothe'e,,. — * 26 313 = 5053 37035,493 

Difference, — — — 175,190 

Dans le poits de cette mine, mon* thermometre fe tenoit a — 11 h 
Fechelle pour les dilatations de Fair, Mais le thermometre- etant I 
slots au dehors a — 23J, j’eftime la temperature moyenne a — 13. j 4^455 
Et confequemment je deduis J, 


Le fond do puits de la Caroline au deilous de Fentree du puits de 1 
la Dorothee, . — . — _ * J I 7 °> 73 S : 

3 . 


A 6k 
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In. L» 1 6th of Lines. 

At 6 o’clock at the! 

bottom of the loweft'j _ 

- c }2 , 7 a 14=5230 37185,017 

fearchmg gallery of [ ! 0 J 0 * 

the Benedict, 


3 15= 5°5S 37037^12 

i 47,8o 5 


At the top of thel^g 
pit of the Dorothy, - j 
Difference, 

At the place of obfervation in the mine the ) 
thermometer was at - 8f , higher by 2~ than 
at the pit of the Caroline,, But as this gal- 
lery communicates with the fame pit, and 
that confequently the column of air contained 


h 3*843 


in it is part of that which weighs upon the air 
of the gallery, I am only to eftimate the tem- 
perature of the pit. I therefore dedudt 
as in the preceding obfervation, • — 


2 6 

iooo5 


The gallery, See. of the Benedict, below! , 

. 6 v , _ . \ 143,962 

■the entrance of the Dorothy, — J 


Qbfer- 


A 6 h. au fond de la galerie de recherche la 

plus baffe de la Benedidle, > 

Au liaut du.puits de la Dorothea, <— 


P» L. i6deLig, 
27 2 14 = 5230 
26 3 15=5055 


Log. 

37185,017 

37037,212 


Difference, 

Au lieu de Fobfervatkm dans la mine, le thermometre-etoit 
plus haut de 2J qu y au puits de la Caroline, Mais comme cette j 
galerie communique au meme puits, et que par ccnfequent la co~ j 
lonne d*air qu’il renferme, fait parti e de celle qui pefe fur Fair de la t 
galerie, je ne dob avoir egard qu’a la temperature du puits. Je j 
deduis done comme dans Pobfervation precedente, — J 


“147,805 


3'M$ 


La galerie, de la Benedifte, audeffous Fentreede la Dorothee, 143,962 

Lila Oyir~ 
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Objervations at the Rameliberg. 

On the 28 th of October, at 94 b. I obferved] 

the barometer under the cover of the entrance [ 

r 2 7 2 2 

of the mines, two feet and a half above the ” ~ 

aperture of the pit, and found it at — j 

At a-} h. when I left the mines, it was at - 27 2 8 

Confequently it had rifen -^ths of a line in five 
hours ; whence, not having made any regular obferva- 
tions during this interval, I will fuppofe the variation to 
have been equable, that is, ^th by the hour, during the 
time I flayed in the mines. 

At 


Oljlrvaihns fakes an Rameliberg, 

Le 28 Octonre, r 9J h. du matin, J’obfervai le Barometre ions lei 
convert Cx Fentree des mines, pieds au deffus dc l'ouverture du >27 2 3 
puits, cr je le trouvai a — ■ — — J 

A 2 j h. 212 -brtir dts mines, il ie trerava a — ■ — 2728 

II avoit done monte de -;V de lignes en 5 heures; et n’ayant pas eu d’obferva- 
ticns fjivies pendant cet intervalle, je iuppoferai la variation graduelle, et ainfi 
d 1 par heure, durant le terns cjne je reftai dans les mines. 


A u| h* 
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In. L. iSta of Lines 


At Hr h. at the] 


bc-ttom of the pit of ? 2 7 7 14=5310 
Kaunkuhl, — j 
At 1 2-f h. at the] 


37 -"o,; 


entrance of the gallery 


of Breitling 27 4 8; ^27 4 7 = S 2 55 37205,729 

confequently an hour 
before at 1 1 ]•, 


Difference, — - — 

At the bottom of the] , , ~ 

, j - 9 mean, deduct l 

pit, therm. — ~s ,» > 


45,218 


Near the gallery, 


therefore T ~, j D 


Height of the gallery of Breitling above the 


bottom of the pit of Kaunkuhl, 


i 44 j4°5 


P. L. 16 de Li <5. Log, 

o o" 

A ix| h. au fond puits de Kaunkuhl, — 27 7 141=5310 372504,45 

A midi f 5 a I’entree cle la galerie cle Breitling 1 
27 4 8; done 1 iu plus tot, foit 1 1 § h. — j 2 7 4 7 — 5-55 37 -° 5 w D 

Difference, — — 45,218 

Au fond du puits, therm,— 5 1 t , q * , , . 0 

Aupres de ia galeric, ^ J ~ 9 x^oycn, done 44 * a dedu.re, , 3 i 5 


Hauteur de la galerle de Breitling* fur le fond du puits de Kaunkuhl, 44,405 


A, midi 



438 M. de luc’s Barometrical Obfervations on 

In. L. 1 6 th of Lines. Log. 

At t<i\ h. at the' 

entranceof&egaUery g= 6 

of Breitling, near the 

Pit? — — j 

Under cover of the”' 

mines, at the fame • 27 2 6=5222 37 *78,369 

time, • — = — . 

Difference, — — — 28,185 

Therm, in the pit -13, dedu£t therefore y—, 732 

27,453 

Dedu6t the elevation of the barometer "1 g 

above' the entrance of the mines, — J ^ 

The height of the entry of the mines above 1 

° t 27,037 

the gallery of Breitling, — — j 


P. L. i6deLig. Log. 

A midi i a 1 ’enWee de la galerie de Breitling, 1 g _ 6 „ ao6 - 

pres cm putts, — — J 7 ^ ^ 

>Sous ie convert des mines, a cette heure la — 27 2 6 = 5222 37x78, 369 


Difference, " — — 28,185 

Tiermometfe dans le puits — 13; done rlf-sr a deduire, — - ,732 

27,453 

A dedulre ce dont Ie bardmetre etoit plus bant qoe rfentree des mines, -,41 6 
'Hauteur de f entire des mines, fur la galerie de Breitling, — -27,03,7 


A a| It. 
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In. L. 1 6th of Lines. Log. 

At 2.4 h. under the) 0 

i , - >27 2 8 = 5224. 37180,022 

cover of the mines, j on-o/ 532 

At 2| h. at the top" 

of the pit of Kaun- [26 11 6 = 5174 37138,264 

kuhl, — — - — . 

Difference,. — — 41,768 

Thefe two obfervations were made on the' 
outfide of the mines, the heat of the air being ? 419 

-11, deduct therefore , — ■ — 


Add the elevation of the barometer tmden 
the cover, above, the entrance, of the mines, j 


40,850; 

9i8 ; 


Height of the top of the pit of Kaunknhli 


above the entrance.of. the mines, , 


> 41,266 
At 


P. L. i6de Lig« Log. 

A h. fous le coavert des mines, — 27 2 8r: 5224. 37 180,032 

A 2§ h. au haut du puits de.Kaunkiihl, . 26 II *6 = 53:74 37138,264, 

Difference* — — 41,768 

Ces deux obfervations furent faites an dehors des mines, .la chaleur 1 - 

de Fair etant — 1 1 ; done a deduire, . — — J ’ 


40,850 * 

A ajouter ce dont le barometre fous le convert, etoit an deffiis del , 
Penti ee des mines, — — - — J * 41 ^ ' 

Hauteur du hant du puits de Kaunkiihl, fur Pentree des mines,* r 41,266 > 


A\iiIKk 



44c Id. dl lug’s Barometrical Qbfervaiions -on 



Ij 

2* L. 1 6 tli of Lines. Leg, 

A 4 * t- *r* I <-h 4» C± 

ru x a-t -*• *■-!. tfhC 



bottom cf tit 2 nit of 

jt ; 


7 14=5301 37250,945 

Kaunkiihl as above, j 

1 


At 2~ h. ?.t the topi 



of the pit 26 1 1 6 , | 

! 

confeqiiently at i i|h.j 

> of 

> 11 3=5171 37135*745 

Difference, 

— — ■ 115,200 

At the bottom of thel 

[_ -9, confequentiyp 

ts 4 o to deduct, j ~’° 74 

pit, therm. 

_5 

At the top, - : 

rsJ 

Total depth of the pit of Kaunkiihl, — 113,126 



Obfer- 


p. L. 

A ixj h. au fond du puits de Kaunkiihl, | 
eomme ci-deilus, — — j ~7 7 

A h. an haut du puits 26 11 6 ; doncl 0 S 11 

a 1 1 5 h* — — * — — J 


i 6 deL 5 g. Log. 

14 = 531 ° 37 W> 94 S 
3 = 5 l 7 * 37 r 35 > 74 S 


Difference, * — — 115,200 

Au fond du pints, therm. — c] t _« . , , . 

An haut, — 13 j <*°nc a deduire, — 2,074 


Profondeur totale du puits de Kaunkiihl, — . — 113,126 



the Depth of the Mines in the Hartz. 


4 - 4-1 


Obfervations at two Points geometrically determined on 
the outfide of the Mountain , relatively to the Mine of 
Alte Seegem 

On the 30th of October, at 10 in the'' Tn - L - 
morning, I obferved the barometer under the ^ t 
cover of the mine called Alte Seegen near “ i 1 
Zellerfelt, and found it at — — 

At half an hour paft feven at night, at my j ^ ^ ^ ^ 

return from thefe obfervations, it was at j 2 

Confeque-ntly in nine hours and a half the barometer 
fell jfths of a line ; and by obfervations made by Syndic 
leyser, this fall was gradual. 

At 

Obfervations en deux Points dete mines geometriquemeni d Yacterieur de la Mon- 
tague^ relativement a la Mine d’Alte-Seegen. 

Le 30 Oftobre, a io h. da matin, j’obfervai le barometre fous Icy P. L. 
convert de la mine nominee Alte Seegen, fituee pres de Zellerfeld, et j* 27 7 ? 2 
je le trouvai a — — — • — J 

- A 7! h, du foir, au retour des obfervations ei apres, il fe trouva a 26 6 S 

Ainfi en h. le barometre baiffa de 41 de ligne. Et par des obfervations 
fakes cfheure en heure par M* le Siudic leyser, cet abbaiffement fut graclueL 


Vo l* LXVIL 


M m m 


A midi 
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In. L. 1 6th of Lines. Log* 

At 1 1 h. in the val-1 

ley of Bremeke, half a* „ „ . o o „ r « 

toife lower than a cer-f 27 3 2 = 5234 37l8S ’ 357 

tain determined point,] 

At Alte Seegen, two! 

hours after the firft > 27 7 0 = 5104 37079,107 

©bfervation, — J 

Difference, — * — ' 109,230 

Heat of the air -30, confequently to dedudt 6,554 

102,676 

Deduct the half toife above mentioned, *— 500 


French toifes. 


102,176 


At 


A irndiy dans la vallee de Bremeke, J toife 
plus has qu’un certain point determine, 

A Alte Seegen, % h, apres la premiere oh- 
jervation, - — — 


P. L. 16 de Lig. Log*. 

27 3 2=5234 37188,337 
26 7 0=5104 37079,107 


Difference, — 

Gialettr de Pair ■ — 30; clone 4 oot a deduire. 


109,230* 

6,554 


A deduire la demi toife ci-cfeffus. 


102,676 

,500’ 


Toifes de France, 


102, 17& 


A if &* 



443 


the Depth of the Mines in the Hartz. 


In, L. 


At i| h. atLasfelde ) 
without the Hartz, in( 
the valley of Ofterode, f 
at a determined point, j 
At Alte Seegen, ' 
about four hours after , 
the firft obfervation, 


27 8 


27 8 


16th of Lines. Log. 

a 


10 = 5322 37260,749 

10=5102 37077,405 


Heat of the air - 2 6, confequently 

183,344 
tHo to deduct 9,534 

French toifes, — ■ 

- — — 173,810 


Obfer- 

A if h. a Lasffelde, hors du Hartz, vallee’ 
d’Ofterode* a un point determine, — 

A Aite Seegen environ 4 h. apres la pre- ' 
zniere obfervation, — — 

P. L. i6deLig. Log, 
[27 8 10=5322 37260,749 
[26614=5x02 37077,405 

Chalenr de Fair — 26 $ done -rlihy a deduire, 

* 8 3>344 

— — 9*534 

Toifes de France., 

— — 173* 810 
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Qbfarvatmm to determine the height of the Brocken with 
refpedl to Gottingen and Hanover. 

The 25th of O&ober, on feningl Io ' L - •> 0n ^ 
out from Oder-brucke for the/ sffirftfloor 

Brocken, at three quarters paft eight 1 1 

in the morning,. — ) 

In returning, at 3^ h. — 25 8 14 

Difference, — 0010 

Obferved at the Brocken at Noon and at 1 o’clock, the 
mean, at about 1 a|h. makes nearly half the fpace of time 
above mentioned; confequently the height of the baro- 
meter at Oder-brucke at that hour may be reckoned at 

-5 9 3 * 

Sindic 


i in the 
Inn, 


Objervatiom pour detemintr la hauteur ckt Brocken relativement a Gottingue 

et a Hanorre. 


P. L. 

Le 25 Oftobre, en partant d’Oder-brucke pour le ] Au premier 

Brocken, a 8| li. du matin, — — J 2 S 9 8 Utage du Ca- 

En revenant, a h. — — 25 8 i4.Jbaret. 

Difference, — — 0 o 10 

Obferve au Brocken a midi et a x heure.. Le milieu, midi f , fait a peu pres- 
la moitie de l’intervalie de terns ci-deffus; et par confequent on peut evaluer 
h. hauteur du harometre a Oder-brucke a cette heure la, 25 9 3. 


M. le Sindic 



the Depth of the Mines in the Hartz. 44- 
Sindic leyser obferved the barometer at his houfe at 
Ciaufthal, in the morning and at noon; when inftead of 
falling, as at Oder-brucke, it rofe half a line, and re- 
mained at that point till the evening. The only caufe to 
which I can afcribe this difference between his obferva- 
tion and mine, is the increafe of heat in his room : but 
there was no obfervation with the thermometer to corredt 
the effedtof this caufe; I fli all therefore content myfelf 
with my own obfervation for this meafure, though I 
employ Mr. leyser’s for the following one.. 


M. le Sindic leyser obferva ie barometre chez ini a Claufthal le matm-et 
a midi: et au lieu de baiffer, comme a Oder-brucke^ il monta de | ligne 5 et 
reffca a ee point jufqu’au foir. Je ne faurois aitribuer cette difference entre F ob- 
servation de M. leyser et la mienne, qu’a ce que la chaleur augmenta dans fa 
cbambre: mais il n’y eut point d’obfervation du thermometre pour corriger 
feffet de cette caufe. Je m’en tiens done a mon obfervation feule pour cettc 
mefure-ci; quoique j’employe celle deM. leyser pour la fuivante* 


A midi 


446 M. de luc’s Barometrical Obfervations on 

In* L. 16th of Lines, ' Log# 

At 1 h. the baro -1 

meter at Oder-brucke I25 9 3 = 4947 36943,419 

muft have been at, j 
At the Brocken, 

« s m . =1 8 0 mem 2 9 8 3 = 47 3 9 36756,867 

Difference, — - — 186,552 

On fettin.s: out from "j 


Oder-brucke the heat >-34^ 

j ^“33 


of the air was at 
At our return, 
At the Brocken, 


“ ~ 3 krj 


-3 6 4 j 

^confeq. 


• 4 ° j 


to 


deduct, 


[ 13,618 


Height of the Brocken above Oder-brucke, 1 7 2,934 

By 


P, L* 16 deLig. Log, 

A midi | le barometre devoit etre a Oder- brackets 9 3. =: 4947 36943,419 

AuBrocken,L™jJ ^ g Jjmoven, 24 8 3=4739 3 6 75M67 


Difference, 

Eo partant d’Oder-bnicke, la chaleur de 
fair etoit* — • — 

An retour, — — 

An Brocken, — — 

Hauteur du Brocken fur Oder-brucke, 


} - 34{ l- 3 sLr. 36 

•40 


186,552 


1 | 33 ldonc T ^ i ij,6i8 

3 2,3 J a deduire. 


772,934 


Par 



the Depth of the Mines in the Hartz. 44- 

By the above mentioned obfervations of Mr. be ley- 
ser’s, and by the comparifon between his barometer 
and mine, I have reafon to conjecture; that at the time of 


the mean, obfervation of the barometer at Oder-bracke. 


In. L. 


1 6 th of Line 


-bi 
Lc^, 


it Hood at Claufthal at, 

Mean height ob-'i 
° ^ 
ferved at Oder-br ucke, j 


"6 43 = 5059 

b 9 3 = 4947 


37040,647 

36 943,4! 9 


Difference, — - — 

The mean heat of the air muft have been a' 
little greater than at Oder-brucke ; I compute > 
it at - 30, confequently 4L to deduct, - j 


97,228 

5,834 


Height of Oder-brucke over the fir ft floor ~J 
of Mr. de leyser’s houfe at Claufthal, or 
what comes to the fame nearly, above the firft- 
floor of the Crown Inn, where I lodged, - 


\ 9D394 


The 


Par les obfervations ci-deflus de M. leyser, et par la comparaifon faite de font 
barometre avec le mien, j’ai lieu de conje&urer, que lors de P obfervation moyenne 

P. L. i6dcLig. Log, 

du barometre a Oder-brucke, il etoit a Claufthal, 26 4 3 =: 5059 37040,647 

Hauteur moyenne obfervee a Oder-brucke, 25 9 3=14947 36943,4x9 


Difference, — 3 

La chaleur moyenne de fair devoit etre un peu plus grande qii’a 
Oder-brucke* Je la fuppofe a — 30 ; done xlfe a deduire. 


97,228 
} 5’ 8 34 


Hauteur d’Qder-bracke fur le premier etage de la- maifon de ' 

&EYSER a Claufthal, ou, ce qui revient a peu pres au mcme, fur le ^ 91,394 
premier etage de l’auberge de la Couronne ou j’etois logo, 
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The mean term betwixt 1 7 obfervations of the baro- 
meter, made at Gottingen from the 24th of October to 
the 1 ft of November, by Profeffor erxleben, cor- 

In. L. 1 6th of Lines. Log. 

rented for the heat, 27 9 3=53 3 1 37268,09 

The mean term of" 

17 obfervations made 
upon the firft-floor of 

the Grown Inn at, 26 4 8=5064 37044,94 

Glaufthal, correfpond- 
ing for the time to . 

thofe of Gottingen, j 

Difference, — — 223,15 

Mean heat of the airl 

during the obfervations >-26^ -29 confeq. 

at Gottingen, J to deduct. ,94 

At Glaufthal, - 3 1 ~ J - . 

Height of Glaufthal above Gottingen, 210,22 


Leterme moven entre 17 obfervations du barometre fakes a Gotti ngue, du 
24 au 21 Odtohre, par M. le Profeffeur erxleben, corrigees auffi pour la 

P. L. x6 de Lig. Log, 

chaleur, — — ' — 27 9 31=5331 37268,09 


Le terme moyen de 17 obfervations fakes sen 
premier etage de la Couronne a CJaufthal, corre- 
fpondantes pour le terns avec celles de Got- 


26 4 8 = 5064 37044,94. 


tingue, — — — J 

Difference,. — 

Chaleur moyenne de fair pendant ks obfervations ^ 
a Gottingue, — — — —26! ± 

De mems a Glaufthal, — — . — 31 |j 



Hauteur de Glaufthal fur Gottingue, 


2 1 0, 2 1 
Le 



the Depth of the Mines in the Hartz. 

Mean term of 1 6 obfervations made at Hanover, from 
the 24th of October to the ift of November, by Mr. 


de hinuber, with a barometer of Mr. dollond’s made 


In. L. 

16 th of a Line. 

Log. 

to agree with mine, 

iO 

00 

to 

3=5411 37332,775 

That of the corre-' 
fponding obfervations 
for the time, made by 

1 

9 

1 

9=5337 37272,972 

Mr. ERXLEBEN, 

Difference 

l 

1 

59>8o3 

Mean heat at Hano -1 



I 

ver, at the time of the 

>-291 

-28, confeq. 
tilo to dedn& 

> 3>349 

obfervations, 

j 

The fame at Gottingen. 

>-^j 

j 


Height of Gottingen above Hanover, — 

56,454 


Le terme moyen de 16 obfervations faites a Hanovre, du 24 Odobre au 


cfaccorcf avec Ie mien, — — 28 

Celui cles obfervations correfpondantes pour le 1 
.terns, faites par M. erxleden, — 1 ^ 

Difference, — * 

Chaleur moyenne a Hanovre au terns des oh-y 

l 9 i ' 


fervations, 

De meme a Gottingue, — 

Hauteur de Gottingue fur Hanovre, 




L. i6deLig, 

Log. 

2 3=5411 37332,775 

9 9 ^ 533.7 3 

7272,973 

^ — 28 j done 
T-gcV a deduire, 

59,803 

> 3,349 


5 6 »454 
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XXIII. The general Mathematical Laws which regulate 
mid extend Proportion univerfally ; or, a Method of 
comparing Magnitudes of any Kind together, in all the 
pojfible Degrees of Increafe and Decreafe. By James 
Glenie, A. M. and Lieutenant in the Royal Regiment of 
Artillery** 

Jkead March. 6, rTpjjg do&rine of proportion laid down 
~‘ u " “** by euclid, and the application of it 

.'given -by him in his Elements, form the balls of almoft 
all the geometrical reafoning made ufe of by mathema- 
ticians both ancient and modern. But the reafonings of 
geometers with regard to proportional magnitudes have 
feldom been carried beyond the triplicate ratio , which is 
the proportion that limilar folids have to one .another 
when referred to their homologous linear dimenfions. 
This boundary, however, comprehends but a very 
limited portion of univerfal comparifon, and almoft va- 
aiilhes into nothing when referred to that endlefs variety 
®f relations, which mull: neceffarily take place between 
geometrical magnitudes, in the infinite poffible degrees 
saf increafe and decreafe. The firft of thefe takes in but 


-a very 



Mr. glenie’s Method, &c. ^- r 

a very contracted field of geometrical comparifon ? 
whereas the lait extends it indefinitely. Within the 
narrow compafs of the firft, the ancient geometers per- 
formed -wonders* and their labours have been pufhed 
ftill farther by the ingenuity and indefatigable induftry 
of the modems. But no author, that I have been able to- 
meet with, gives the leaf! hint or information with re- 
gard to any general method of exprefling geometrically* 
when any two magnitudes of the fame kind are given* 
what degree of augmentation or diminution any one of 
thefe magnitudes muft undergo, in order to have to the 
other any multiplicate or fub-multiplicafce ratio of thefe. 
magnitudes in their given ftate; or any fuch ratio of 
them as is denoted by fractions or furds ; or (to fpeak ftill 
more generally) a ratio which has, to the ratio of the 
firft-nientioned of thefe magnitudes to the other, the 
ratio of any two magnitudes whatever of the fame but 
of any kind. Neither have I been able to find that any 
author has fhewn geometrically in a general way,, -when: 
any number of ratios are to be compounded or decom- 
pounded with a given ratio,, how much either of the 
magnitudes in the given ratio is to he augmented or di~ 
miniftied,. in order todiave to the other a ratio ,. which is 
equal to the given ratio, compounded or decompounded 
with the other ratios . To inveftigate all thefe geome- 

N n n 2. trically* 
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pendicularly to vo,.or otherwife if in the fame angle ; and 
let the rectangles or parallelograms mr, np,. he com- 
pleted. Let lm be a fourth proportional to op, mn and 
nr - op; and let the rectangle or parallelogram LQ^be 
completed. 

Then (14. e. 6.) lt is equal to tr, and confequently 
lqJ:o mr. But (2,3. e. 6.) mr has to np the ratio com- 
pounded of the ratios of mn to no and nr to op. There- 
fore (1. e. 6.) ln has to no the ratio compounded of the 
ratios of mn to no and nr to op.. But ln is equal to 

mn+ mn. — — — , or A+A.-jp-, by conftruCtion. Whence 
it appears, that a magnitude of the fame kind with a 
■ and b, which has to b the ratio compounded of the ratios- 

of a to b and c to d, is exprelfed by a+a. -p-,. 

In like manner let e, f, be reprefented by rn,. op, re- 
fpeCtively, and let lk be a fourth proportional to op, ln,, 
and qr. Then (14. e. 6.) kx is equal to xr or tr and xs 
together. But fince ln hath already been Ihewn to be 

equal to a+ a.-^— , lk is a fourth proportional to f, e-f,. 

and a+a. ; that is equal to a. -4— + a. • -4— • by 
eonftruction. Wherefore kn being equal to lk+ln is 

equal to a + a.— p- + a. ~j- + a. And iince 

KQ^is equal to lr, kn lias to- no a ratio compounded of 

the 


1 



Magnitudes of any Kind together. 4, - - 

the ratios of ln to no and nr to of ; that is, of the ratios 
a to B, c to D, and e to f. Therefore a magnitude of the 
fame kind with a and b, which has to b the ratio com- 
pounded of thefe ratios is exprefled by a+a. + a. 


+ A. 


C — D E — F 

1 @ ~ ® 

2> F 


Again, if nr, op, be fuppofed to reprefent g, h, re- 
spectively, and kv a fourth proportional to op, kn, and 
-qr; vQ^will be equal to kr (14. e. 6.) and confequently 
vn will have to no a ratio compounded of the ratios of 
kn to no and nr to op ; that is, of the ratios a to b, 
c to d, e to e, g to h. But vk is by conftru&ion equal to 

G H C- — D G— H E — F G — H C— D E — F G- H 

*• — +a -— + 

And this added to kn above found gives a+a.~° 


E F G H C D E F C— — D G— HT E— F 

+ A. — + A.— + A. A.— .— + A .— • 

US D II e 


H 


jQ nrT -- jj £ - « pj j2**~*F C II 

-JT" + A *T” * ~ * ~1T 5 ^ or tiie magnitude of the fame 
kind with a and b, which has to b the ratio compounded 
of the ratios a to b, c to d, e to f, Gto h; whence the 


law of continuation is manifeft 

The fame concluhons may be derived from (e. 5.); 
fo that no principle can be Ampler or more geometrical 
•than that here made ufe of. 

Thus then thefe magnitudes will Hand. 

st.. a+a. -j-., when two ratios are compounded, 


3b»- A 
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C D E F C — D E — F , , 

2. a+ a. — + a.-— + a. — . — , when three are 

] j t U i? 

compounded. 

C D E — F G — H C — D G — F C — D. 

3. A + A.-p- + A. — + A. ~ r A. — • T” + A. — 

G — H E — F G — H C — D E — F G — H . c 

— + A. — . — + a. — . — ► — , when four ratios 
are compounded, See. See. 

By continuing this operation much farther, I found 
upon examination that the number of terms in which a 
is connected with the differences c-d, e-f, g-h, 8 ec. 
taken one by one, two by two, three by three, See. if p 
denote the number of ratios compounded, is expreffed 

refpedtively by —■ • p ~> ~ Sec. Thus 

if the ratio of a to b be fuppofed equal to the ratios of 
c to d, e to f, g to h, <kc. refpe&ively, thefe expressions 
will give the following ones, 

2 1 A— B 

X • A 4 — r~ • A* ~ ’ * 

I B 

2 1 A — B 2 — I 7 — 2 A — Bi S 

2 . A + J —.A.— +q- • V-A.— . 


3. A+ 


1 A B 4 — t 4 — 2 A Bl 4—1 4 2 4—2 

~z * A • “ ~ * ~ * a."— 4" n © * 

I BI 2 B ‘ X 2 3 


A. — — ; for magnitudes of the fame kind with a 

and b, which have to b refpedtively the duplicate, 
triplicate, and quadruplicate ratio of a to b; where p 
is fucceffively equal to 2, 3, and 4. And univerfally, 
by the fame geometrical reafoning, it is found, that 

p—l A— B fi~ 1 p— 2 /HeP . • A— , 

Mr JL. - % __ JL. __ i * . > v t- « 1. 


0 L+ —.A — 


— .A.— 

2 B 


+ StC. A. 


-has to 
b fuch 



Magnitudes of any Kind together 4 - 5 T 
b fuch a multiplicate ratio of a to b as is-exprefledby- 
the number p. 

In the reafoning above I fixed on b as the magnitude- 
to which ; the reft were to be referred but I might as well; 
have, fixed on 'A or any of the other magnitudes. Thus* 

for inftance, b+ b. + — J— EEiZi + g^ c 
has to a fuch a multiplicate rvatf/o of r to a 


B. 

i 

A 

as 

is expi 

6- 

■X B — A 


B— — a! Z B— Ap - 1 

►b.. — - — +■ Sec., b- 5 — 


the ratio ■ 

©1A+— .A.— + — ►— .A.— — + See.. a. — ■- — to b;. 
that is, fuch a multiplicate ratio- of a to b as is expreffed 
by the number p,. Each of ihefe, indeed, I demonllrated 
Separately from the fame fort of geometrical reafoning; 
but for the fake of brevity I omit fejting down thefe- 
feparate demonftrations, as . they are both contained in 
general reafoning above, .which, f urnhhes like wife a great 
variety of other expreflions, according as certain num- 
bers of the ratios c to n, e to f, g to h,.8cc. are fuppofed 
to be refpe&ively equal to,, greater or lefs than, the rath 
of a to. B . 
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XXIV. the Cafe of Ann Davenport. By Mr. Fielding 
Beft Fynney, Surgeon at Leek, in Staffordfhire; 
communicated to Thomas Percival, M. D. F. R, S, and 
by him to Sir John Pringle, Bart. P. R. S. 


TO SIR JOHN PRINGLE, BART. P. R. S. 


SIR, 


JVIanchefter, 
•April 8, 1777. 


Read April xo,T TOOK the liberty, a few days ago, of 

177 *7 I 

1 ' " A tranfmitting to you, by a private hand, a 
iingular cafe, fent me by Mr. F. b. fynney, an ingenious 
furgeon, who is fettled at Leek in Staffordshire. , He de- 
fies that it may be laid before the Royal Society; and I 
Shall think myfelf much obliged by your compliance 
with his requeft. 


TO 
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TO DR. PERCIVAL 


S I R, 


Leckjr 

March io, *777* 


UPON May 16, 1775, being defired to viftt ann 
davenport, a native of this town, I beheld a truly mi- 
ferable objedt, with the moil cadaverous countenance I 
had ever feen, emaciated to the laft degree by a hedtic 
fever, and profufe colliquative fweats. She had a con- 
tinual third:, her appetite was totally gone, and fhe was 
always in the extremes of being too loofe or too bound. 

Her mother informed me, that Ihe was then in her 
twenty-firft year; and that Ihe had been a ftrong and 
fprightly child from her birth, until Ihe was about five 
years of age, from which time fhe had been a ftranger to 
health, and every now and then had been feized with 
excruciating fits of the colic, efpeciaiiy whenever fhe 
ate or drank any thing the lead acid. - 

The young woman told me, that about a year ago 
fhe had firft perceived a dwelling on the right fide of 
her belly, juft above the groin ; which, if at any time 
fhe attempted to ftretch out her thigh, gave her inex- 
preflible pain, as if fomething ftabbed her in that part : 

O 0 o 2 that 
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“that therefore fhe was always obliged to keep tip her 
knees, .more or lefs, towards her breaft, by which means 
fhe had, in dome degree., loft the power of extending her 
limbs, 

I ordered her to take half a drachm of powdered 
hark in a littlfe red port wine every four hours.; and, as 
matter had already formed within .the thmbr, Ldefired 
that a maturating poultice might be applied- every night 
•.and morning; for I imagined that nature, without fuch 
.-affiftance, could ' never bring the abfcefs to a headinhfer 
“Weak condition. 

July 10th, the matter pointing .at the upper end of 
the tumour very near the m ilium , I made a large open- 
ing, from which was difcharged an amazing quantity of 

* " < 

pus’, but, as the tenfion was ftill great,* I applied a linfeed 
poultice over the common dreilingst neverthdlefs, in a 
-few daysafecond .abfcefs began to form towards the ver- 
Jebrd of the loins, between thefalfe ribs and the or ilium, 
which was rapid in its progrefs, for it was brought to 
maturation, and opened on the ztith. 

On the 31ft d was alarmed with a gangrenous ap- 
; pearance-of’ the whole integuments 6f th ^abdomen: for 
sthis fhe took one drachm of powdered bark in red-port 
«every;three hours; but, as veficatioiis and every fyim- 

J iptom. 
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ptom. of a fphacelus continued to increafe, I likewife ufed 
the bark externally, in the two following forms, every 
morning and evening-:. 

gi find!. Cort. Peruv. Simp. % yj 

Myrrh. Comp. § j 

Sp. Sal. Ammon . 

Mett. Mgypt . aa. § IT. m.Jiat embrocate 

|£ Free. Ceremf. acid, fbj 

Farin. Avenac. q . s. coque ad eonjiflentiam Catcc- 
plafmatis , el adde Pulv. Cort. Peruse, g j 
0/. Olivar . m*. ^ iv m. fat Cataplafm .. 

This treatment foon put the mortification to a ffand r 
and the parts floughing off largely left three holes, at 
nearly equal diftances one' from another,- betwixt the firff 
opening and the left os ilium , befides feveral ones- in dif- 
ferent parts of the belly ; but as the difeharge was immo- 
derate, I looked upon the patient to be in the utmoft. 
danger* However, the fame courfe was perfevered in,,, 
and at the latter end of Auguft another abfcefs appeared! 
lower down, towards the right groin ; I ordered, it to be* 
.poulticed, and left it to open of itfelf, which it did, on the * 
ill of September* I was immediately, called, to her;; 

und* 
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and, upon carefully examining the part, I found a hard 

fubftance deeply feated, which I directly extracted 1 (a) . 

It was making its way towards the integuments from, 
the extremity of the appendix vermiformis of the cecum v 
which probably, and fortunately, by former inflamma- 
tions had adhered to the peritoneum. The large end' 
came firft, and the fmall end was within the appendix 
vermiformis of the cecum at the time I took it out; for, 
immediately upon the extraction, fome excrements fol- 
lowed, and among them fome dark brown particles 
which I difcovered to be filings of iron* which the patient 
had formerly taken in a large quantity, as Ihe had never 
been regular like other women. On a careful examina- 
tion I found fome of thefe filings quite reduced to ruft, 


(a) See plate IX. the figures 1, and 2. are different views* of the external 
furface of this irregular fubftance, and of fo much of its nucleus as projefts out 
of the round part, exactly as both appeared on being taken out of the body* 
The whole was of a dufkv brown colour, and had a great refemblance to a 
fmall fhrivelled pear. Fig. 3. is a left ion of the round part, which feemed to 
be formed of fine fibrous fuhftances, clofely cemented together by an earthy 
matter, and of the .peg of crab-tree wood, its nucleus. This figure like wife 
fhews how far the peg went in, and alfo an incruftation of ftony matter upon it. 

The nucleus, I believe, is the final Jer end of that part of a fillc -engine called 
a fUr, at which, machine* the patient had been employed before file was five 
years of age, therefore it rauft have been lodged at leaft fixteen years within 
the appendix vermiformis of the centum, as file remembers nothing of lwallowing 
ft, and as during that fiourfe of years ihe had frequently been afflifted with the 
itjcxp colics before-mentioned. 
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hut ffill retaining their form as they came from under 
-the file. 

Some faces came -through this laft wound daily, fre- 
quently mofi; copioufly ; and fometimes (though the ex- 
ternal orifice was large) by being confined with the 
dreffings, they infinuated themfelves between the inte- 
guments of the abdomen , , and came through the other 
openings. About the middle of February 1776, the 
difcharge of the excrements by thefe openings was fen- 
fibly diminilhed; and the wounds were all healed, except 
one, by the latter end of the year, through which a fmall 
quantity of excrements Ml continue to pafs now and 
then. 

Her health is, within this fhort time, furprizingly 
improved; fhe is now very fiefhy and ftrong, has had 
the catamenia , and I have the greatefl reafon to,exped 
that fhe will be perfftly cured. Strict regard was all 
along paid to the non-naturals. 

As the cafe above is a very uncommon one, I prevailed 
•on the reverend Mr. Rogers, minifter of this place, to 
vifit the patient along with me; and he was fo fully 
fatisfied of the truth of the account, as to give me the* 
hollowing certificate. 


I hereby- 
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I hereby certify, that I faw, this 2.7th day of Decem- 
ber, 1775, Mr. fielding best Fi'NNEY drefs his patient 
Ann davenport, and was am eye-witnefs to pure faces 
coming out of the wound from which he had extracted 
an irregular fubftance on the 2 ill of September laft. 

As witnefs my handy 

J. ROGERS, 
Mmifterof Leek. 







[ 4«i 1 


XXV. An Account of the Kingdom of Thibet. In a 
Letter from John Stewart, Efquire , F. R. S. to Sir 
John Pringle, Bart. P. R. S.» 


S I R, 


London, 

March* a o, 1777^ 


Read April 17, TOURING my late refidence in India, a- 

tranfadlion took place in Bengal* 
which, in its confequence, led to a new and more inti- 
mate knowledge of a vaft country, hitherto unexplored 
by Europeans, and hardly known to them but by name. 
As every difcovery of this fort tends to- the advancement 
of natural knowledge, I have thought a iliort notice on* 
the fubjecl might prove no difagreeable communica- 
tion to* the Society ; and therefore take the liberty, with 
your approbation, to fubmit it, in this manner, to them. 

The kingdom of Thibet, although known by name 
ever fince the days of marco paqlo and other travellers, 
of the twelfth and- thirteenth centuries, had never been 
properly explored by any European till the period of 
Vol. LXVIL Ppp . which 
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-which I am how to fpeak. It is true, fome tagging 
-miffionaries of the begging orders had, at different times, 
penetrated into different parts of the country.; but their 
obfervations, directed by ignorance and fuperftition, 
placed in a narrow fphere, could give no ideas but what 
were falfe and imperfect. Since them, the Jefuits have 
given the world, in duhalde’s Hiftory of ‘China, a fhort 
account of this country, collected, with their ufual pains 
and judgement, from Tartar relations, which, as far as it 
.goes, feems to be pretty juft. 

This country commonly paffes in Bengal under the 
name of Boutan. It liesto the northward of Hindoftan, 
-and is all along feparated from it by a range of high and 
fteep mountains, properly a continuation of the great 
Camcafus, which ftretches from the ancient Media and the 
fhores of the Gafpian -fea, round the north-eaft frontiers 
•of Perfla, to Candahar and Caffamire, and thence, con- 
i&amng its courfe more eafterly, forms the great northern 
barrier to the various provinces of the Mogol empire, 
and ends, as we have reafcnto believe, in Affam -or China, 
This ftupendous Tartar bulwark had ever been held im- 
palpable by the Mogols, and all other Muffulman con- 
querors df .India : and although -in the valHes lying be- 
-tween the lower mountains, which ran out perpendicular 
to4he main ridge., there refide various Indiem people 
a . -whom 
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whom they had occasionally made tributary to their 
power, they never had attempted a folid or permanent 
dominion over them. It was on occafion of a difputed 
fucceffion between the heirs of one of the Rajah’s or petty 
fovereigns of thofe people, that the Boutaners were called 
down from their mountains' to the afftftance- of one of 
the parties ; and our government engaged on the oppolite 
fide. The party affifted by us did not fail, in the end to 
prevail; and in the courfe of this little war two people- 
became acquainted who, although near neighbours, were 
equally Strangers to each other- At the attack of a town 
called Gooch Behai-, our troops and the Boutaners firft 
met; and nothing could exceed their mutual furprize in- 
the rencounter. The Boutaners, who had never met in 
the plains any other than the timid Hindoos flying naked 
before them, faw,. for the firft time, a body of men, uni- 
formly cloathed and accoutred, moving in regular order, 
and led 011 by men of complexion, drefs, and features,, 
fuch as they had never beheld before : and then the ma- 
nagement of the. artillery, and inceftant fire of the muf- 
quetry,. was beyond any idea which they could have con- 
ceived of it. On the other hand, our people found them- 
felves on a fudden. engaged with a race of men unlike* 
all their former opponents in India,, uncouth in their ap- 
pearance^ and fierce in their afiault, wrapped up in furs,, 

P p p 2. and 
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*and armed with bows and arrows and other weapons 
peculiar to them. 

The place was carried by our troops, and a great many 
things taken in the ipoil, fuch as arms, cloathing, and 
utenfils of various forts. Images in clay, in .gold, in fil- 
ver, and in enamel, were fent down to Calcutta; all 
-which appeared perfectly Tartar, as we have them repre- 
sented in the relations and drawings of travellers; and 
there were befides feveral pieces of Chinefe paintings 
and manufactures. Whilft thofe things continued to be 
the fubjed of much converfation .and curiolity to us in 
.^Bengal, the fame of our exploits in the -war had reached 
the court of Thibet, and awakened the attention of the 
Taylhoo Lama, who (the Delai Lama being a minor) 
was then at the head of -the date. The Dab Terriah, or 
-Deb iiajah as he is called in Bengal (who rules imme- 
diately over the Boutaners, and had engaged them in the 
war) being a feudatory of Thibet, the Lama thought it 
-proper to interpofe his good offices, and in confequence 
Tent a perfon of rank to Bengal, with a letter and pre- 
sents to the governor, to folicit a peace for the Dah, as 
-ihis vaflal and dependant. 

Mr. Hastings, the governor, did not hefitate a mo-' 
anent to grant a peace at the mediation of the .Lama, oa 
she .rnoft .moderate and equitable terms; and, eager to 

• Jbize 
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ieize every opportunity which could promote the intere:: 
and glory of this nation, and tend to the advancement 
of natural knowledge, propofed in council to fend a per- 
fon in a public character to the court of the Tayfhoo 
Lama, to negotiate a treaty of commerce between -the 
.two nations, and to explore a country and people hitherto 
io little known to Europeans. Mr. bogle, an approved 
fervant of the company, whofe abilities and temper ren- 
dered him every way qualified for fo hazardous and un- 
common a .million, was pitched on for it. It would be 
foreign to my purpofe to enter into a detail of -his pro- 
grefs and fuccefs in this bufinefs : it will be fufficient to 
fay, that he penetrated, acrofs many difficulties, to the 
center of Thibet; refided feveral months at the court of 
the Tayfhoo Lama. ; and returned to Calcutta, after an 
abfence of fifteen months on the whole, having executed 
his oommiffion to the entire fatisfadtion of the admi- 
miftration. I have reafon.to believe that Mr. bogle will 
one day give to the world a relation of his journey thi- • 
ther, accompanied with obfervations on the natural and 
political ftate of the country. I only, in the mean time, 
.beg leave to mention a few 7 particulars, fuch as my recol- 
iedtion of his letters and papers enable me to give. 

Mr. bogle divides the territories of the Delai Lama 
Unto .two different parts. That which lyes immediately 

•contiguous 
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contiguous to Bengal, and which is called by the inha'— 
bitants Docpo, he diftinguifhes by the name of Boutan;; 
and the other, which extends to the northward as far as- 
the frontiers of Tartary, called by the natives Pu, he 
Ryles Thibet. Boutan is ruled by the Dah Terriah or 
Deb Rajah, as I have already remarked. It is a country 
of fteep and inacceffible mountains, whofe fummits are- 
crowned with, eternal fnow; they are interfered with 
deep vallies, through which pour numberlefs* torrents 
that increafe in their courfe, and at daft,, gaining the- 
plains, lofe themfelves in the great rivers of Bengal.. 
Thefe mountains are covered down their Tides with forefts 
of ffcately trees of various forts; fome (fuch as pines, &c ) 
which are known in Europe ; others, fuch as are pecu- 
liar to the country and climate. The vallies and tides of 
the hills which admit of cultivation are not unfruitful, 
but produce crops of wheat, barley, and rice. The in- 
habitants are a flout and warlike people, of a copper 
complexion, in fize rather above the middle European 
ftature, baity and quarrelfome in ther temper, and ad- 
di£ted to the ufe of fpirituotis liquors ; but honeft in 
their dealings, robbery by violence being almoft unknown 
among them. The chief city is Taffey Seddein fituated 
©n the Patchoo. Thibet begins properly from the top of 
the great ridge of the Caucafus, and extends from, thence 
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in breadth to the confines of Great Tartary, and perhaps 
to fome of the dominions of the Ruffian empire. Mr. 
bogle fays, that having once attained the fummit of 
the Boutan mountains, you do not defcend in an equal 
proportion on the fide of Thibet; but, continuing frill 
-on a very elevated bafe, you traverfe vallies which are 
wider and not fo deep as the former, and mountains that 
are neither fo deep, nor apparently fo high. On the 
other hand, he reprefents it as the molt bare and defolate 
country he ever faw. The -woods, which every where 
-cover the mountains in Boutan, are here totally un- 
known ; and, except a few draggling trees near the vil- 
lages, nothing of the fort to be feen. The climate is 
-extremely fevere and rude-. At Chamnanning, where 
-lie wintered, although it be in latitude 31 0 39', only 8° 
to the northward of Calcutta, he often found the ther- 
mometer in his room at 2,9° under the freezing point by 
Fahrenheit’s fcale; and in the middle of April the 
handing waters were all frozen, and heavy fhowers of 
dhow perpetually fell. This, no doubt, muft be owing 
to the great elevation of the country., and to the vaft 
-frozen fpace over which the north wind blows uninter- 
ruptedly from the pole, through the vafl defarts of Si- 
beria and Tartary, till it is flopped by this formidable 
*valb 
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The Thibetians are of a fmaller fize than their 
fouthern neighbours, and of a lefs robuft make. Their 
complexions are alfo fairer, and many of them- have even* 
a ruddinefs in their countenances unknown in the other 
climates of the eaflr. Thofe whom I faw at Calcutta ap- 
peared to have quite the Tartar face. They are of a mild 
and chearful temper; and Mr. bogle fays, that the 
higher ranks are polite and entertaining in conversation, 
in which they never mix either brained compliments or 
flattery. The common people, both in Boutan and Thi- 
bet, are cloathed in coarfe woollen flufls of their own 
manufacture, lined with fuch ikins as they can procure ^ 
but the better orders of men are drefied in European cloth, 
or China iilk, lined with the fineft Siberian furs. The 
ambaflador from the Deb Rajah, in his fummer-drefs at 
Calcutta, appeared exactly like the figures we fee in the 
Chinefe paintings, with the conical hat, the tunick of 
brocaded filk, and light boots. The Thebetian who 
brought the firft letter from the Lama was wrapped up 
from head to foot in furs. The ufe of linen is totally 
unknown among them. The chief food of the inhabi- 
tants- is- the milk of their cattle, prepared into cheefe, but- 
ter, or mixed with the flour of a coarfe barley or of peas, 
the only grain which their foil. produces; and even thefe 
jxtkks are in a fcanty proportion : but they axe furnHhed 

with 
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with rice and wheat from Bengal and other countries in 
their neighbourhood. They alfo are ftipplied with filh 
from the rivers in their own and the neighbouring pro- 
vinces, falted and fent into the interior, parts. They have 
no want of animal food from the cattle, fheep, and hogs, 
which are raifed on their hills ; and are not deftitute of 
game, though I believe it is not abundant. They have a 
lingular method of preparing their mutton, by expofing 
the carcafe entire, after the bowels are taken out, to the 
Sun and bleak northern winds which blow in the months 
of Auguft and September, without froft, and fo dry up 
thejuioes-and parch the Ikin, that the meat will keep tin- 
corrupted for the year round. This they generally eat 
raw, without any other preparation. Mr. bogle was 
often regaled with this difh, which, however unpalatable 
at firft, he lays, he afterwards preferred to their drelled 
mutton juft killed, which was generally lean, tough, and 
rank. It was alfo very common for the head men, in the 
•villages through which he palled, to make him prefents 
of Iheep fo prepared, fet before him on their legs as if 
they had been alive, which at firft had a very odd ap- 
pearance. 

The religion and political conftitution of this country, 
which are intimately blended together, would make a 
co'nfiderable chapter in its hiftory. It fuffices for me to 

VOL. LXVII. Qqq lay, 
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fay, that at prefent, and ever fince the expnlfion of the 
ftlutli Tartars, the kingdom of Thibet is regarded as 
depending on the empire of China, which they call 
Cathay; and there actually refide two mandarines, with 
a garrifon of athoufand Chinefe, at Lahaffa the capital, 
to fopport the government; but their power does not 
extend far: and in fad the Lama,, whofe empire is 
founded on the fureft grounds, perfonal affe&ion and 
religious reverence, governs every thing internally with 
unbounded authority. Every body knows that the Delai 
Lama is the great objedt of adoration for the various 
tribes of heathen Tartars, who roam through the vad 
tradt of continent which dretches from the banks of the 
Volga to Correa on the lea of Japan, the mod extenfive 
religious dominion, perhaps, on the face of the globe. 
He is not only the lovereign Pontiff, the vicegerent of 
the Deity on earth; but,, as fuperdition is ever the dronged 
where it is mod removed from its objedt, the more re- 
mote Tartars abfolutely regard him as the Deity himfelf. 
They believe him immortal, and endowed with all know- 
ledge and virtue. Every year they come up from dif- 
ferent parts, to worlhip and make rich offerings at his 
ihrine; even the emperor of China, who is a Mantchou 
Tartar, does not fail in acknowledgements to him in his 
religious capacity, and adtually entertains at. a great 

expence,. 
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expence, in the palace of Pekin, an inferior Lama, de- 
puted as his Nuncio from Thibet. It is even reported, 
that many of the Tartar chiefs receive certain prefents, 

confiding of fmall portions of that; from him, which is 

% 

ever regarded in all other perlons as the moft humiliating 
proof of human - nature, and of being fubject to its laws, 
and treafure it up with great reverence in gold boxes, 
to be mixed occafionally in their ragouts. It is, how- 
ever, but juftice to declare, that Mr. bogle ftrenuoufly 
infills, that the Lama never makes fuc.h prefents ; but 
that he often diftributes little balls of confecrated flour, 
like the pain ben'it of the Roman catholics, which the 
fuperftition and blind credulitity of his Tartar votaries 
may afterwards convert into what they pleafe. The or- 
thodox opinion is, that when the grand Lama feems to 
die, either of old age or of infirmity, his foul in fadt only 
quits an adtual crazy habitation to look for another 
younger or better, and it is difcovered again in the body 
of fome child, by certain tokens known only to the' 
Lamas or Priefls, in which order he always appears. 
The prefent Delai Lama is an infant, and was difcovered 
only a few years ago by the Tayflioo Lama, who in au- 
thority and fandlity of character is next to him, and con- 
fequently, during the other’s - minority, adts as chief. 1 The 
Lamas, who form the moft numerous as well as the moft 

; Qqqa powerful 
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powerful "body, in the ftate, have the priefthood entirely 

in. their hands ; and, bolides* fill up many monaftic. orders 

f, ' - j ' . ’ * 1 * - 

which, are held in great veneration among them. .Celi- 
bacy, I believe, is not .pofit-ively enjoined to- the Lamas ; 
but it is held indifpenfable for both men and women, 
who embrace a religious life *. and indeed their celibacy, 
their Kving in communities, their cloyfters, their fervice 
in the choirs, their firings of beads, their iafts, and their . 
penances, give them fo much the air of Chriftian jnonk.£, 
that it is not furprizing an illiterate capuchin flaould. be 
ready to hail them brothers, and think he can trace the 
features of St. Francis in every thing about, them. It is 
an old notion, that the religion of Thibet is a corrupted 
Ghriftianity; and even Father diseder.ii, a Jefuit (but 
not of the Chinefe million) who vifited the .country 
about the beginning of this century,, thinks he can re- 
folve all their myfieries into ours; and' afl~eits,.wkh a- 
truemyfiical penetration, that they have certainly a good 
notion of the Trinity,, fince, in their addrefs to the Deity,, 
they fay as often Konciok-oik in the plural as Konciok 
in the lingular, and with their -rofaries pronounce thefe/ 
words, Om; ha,, hum. The truth is,, that the religion of 
Thibet, from whence-ever it fprung, .is pure and Ample, 
in its fource, conveying.very exalted notions of the.jfjeity^ 
with no contemptible fyftem of. mor^jty bnt ip its 

progress 



the Kingdom of Thibet. 

progrefs it has been greatly altered and corrupted by the 
inventions of worldly men, a fate we can hardly regret in 
a fyftem of error, fince we know that that of truth has- 
been fubje£t to the fame. Polygamy, at leaft in the fenfe 
we commonly receive the word, is not in pradlice among 
them ; but it exifts in a manner ftill more repugnant to 
European ideas; I mean in the plurality of hufbands,. 
which is firmly eftablifhed and highly refpedted there.. 
In a country where the means of fubfifting a family are 
not eafily found, it feems not impolitic to allow a fet of 
brothers to agree in railing one, which is to be main- 
tained by their joint efforts. In fhort, it is ufual in- Thi- 
bet for the brothers in the family to have a wife in com- 
mon, and they generally live in great harmony and com- 
fort with her; not but fometimes little diflenfions will 
arife (as may happen in families 'conftituted upon dif- 
ferent principles) an inftance of which Mr. bogle men- 
tions in the cafe of a modeft and virtuous lady, the wife - 
of half a dozen of the Tayfhoo Lama’s nephews,, who 
complained, to the uncle, that the two’ youngeftof her 
hufbands did not furnifh that fhare of love and benevo- 
lence to the common flock which duty and religions- 
quired of them, in fhort, however ftrange this cuftbm. 
may appear to us,, it is an undoubted fadl that it prevails 
iu Thibet in the manner I have defcribed- 
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The manner of bellowing their dead is alfo lingular: 
they neither put them in the ground like the Europeans, 
nor burn them like the Hindoos ; but expofe them on 
the bleak pinnacle of feme neighbouring mountain, to 
be devoured by wild beails and birds of prey, or wafted 
away by time and the viciffitudes of weather in which 
they lie. The mangled carcafes and bleached bones lye 
{battered about; and, amidft this lcene of horror, fome 
liiiferable old wretch, man or woman, loft to all feelings 
but tliofe of fuperftition, generally fets up an abode,' to 
perform the difmal office of receiving the bodies, align- 
ing each a place, and gathering up the remains, when too 
widely difperfed. 

The religion of Thibet, although it be in many of its 
principal dogmata totally repugnant to that of the Bra- 
mins or of India, yet in others it has a great affinity to 
it. They have, for inftance, a great veneration for the 
cow ; but they transfer it wholly from the common fpe- 
cies to that which bears the tails, of which I ftiall fpeak 
hereafter. They alfo highly refpect the waters of the 
Ganges, the fouixe of which they believe to be in Hea- 
ven; and one of the firft effects which the- treaty with 
the Lama produced, was -an application to the governor- 
general, for leave to build a place of worffiip on its 
banks. This it may be imagined was not refufed; and, 
7 - when 
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when I left Bengal, a fpot of ground was actually af- 
figned for that purpofe, about two or three miles from 
Calcutta. On the other hand, the Sunniaffes, or Indian, 
pilgrims, often vifxt Thibet as a holy place, and the Lama 
always entertains a body of two or three hundred in his 
pay. The refidence of the Delai Lama is at Pateli, a vaft 
palace on a mountain near the banks of the Barampoo- 
ter, about feven miles from Lahaffa. The Tayfhoo 
Lama has feveral palaces or caflles, in one of which Mr. 
bogle lived with him five months* He reprefents. the 
Lama as one of the moll amiable as well as intelligent 
men he ever knew'; maintaining his rank with the. ut- 
moft mildnels of authority, and living, in the gxeateft pu- 
rity, of manners, without ftarchnefs or- affectation. Every 
thing within the gates breathed peace,, order, and digni- 
fied elegance.- The caftle is of Hone or brick, with many 
courts, lofty halls,. terraces, and porticos; and the apart- 
ments are in general roomy, and highly finifhed in the 
Chinefe fide,, with gilding, painting, and varnifli. There 
are two conveniencies to which they are utter ffrangers, 
flair-cafes and window's. There is no accefs.to.the upper 
rooms but by a fort of ladders of wood or iron ; and for 
windows they have only holes in the cielings, with pent- 
houfe covers, contrived fo as to fhut up on the weather- 
£de. Firing is fo fcarce, that little is ufed but for culinary 
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purpofes ; arid they truft altogether for warmth in their 
houfes to their furs and other cloathing. The Lama, who 
is compleatly converfant in what regards Tartary, China, 
and all the kingdoms in the Eaft, was exceedingly inqui- 
sitive about Europe, its politics, laws, arts and Sciences, 
government, commerce, and military ftrength ; on all 
which heads Mr. bogle endeavoured to Satisfy him, and 
actually compiled for his Service a brief ftate of Europe 
in the Hindoftan language, which he ordered to be tran- 
slated into that of Thibet. The Lama being born at 
Tatack, a frontier province next Caflamire, is fully m after 
•of the Hindoftan language, and always converfed with 
Mr. bogle in it; but the people, who are perfuaded he 
underftands all languages, believed he Spoke to him in 
Englifh, or, as they call it, the European tongue. The 
Ruffian Empire was the only one in Europe known to 
him : he has a high idea of its riches and ftrength, and 
had heard of its wars and Succefs againft the Empire of 
Rome (for So they call the Turkish ftate) ; but could not 
conceive it could be in any wife a match for Cathay. 
Many of the Tartar Subjects of Ruflia come to Thibet; 
and the Czar has even, at various times, Sent letters and 
presents to the Lama. Mr. bogle Saw many European 
articles In his hands; pictures, looking-glafles, and 
trinkets of gold, Silver, and Reel, chiefly Englifh, which 

he 
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lie had received that wav, particularly a graham's re- 


peadng watch, which had been dead, as they laid, for 
feme time. While he was there, federal Mongols and 
Calmucs arrived from Siberia, with whom he converfed. 

'The city of LahafTa, which is the capital, is of no incon- 
fiderable fize, and is reprefented as populous and flou- 
rifhing. It is the refidence of the chief officers of go- 
vernment, and of the Chinefe mandarins and their fiiite. 
It is alfo inhabited by Chinefe and Caffeniirian mer- 
chants and artificers, and is the daily refort of number- 
lefs traders from all quarters, who come in occafional 
parties, or in ftated caravans. The waters of the Great 
River, as it is emphatically called in their language, walla 
its walls. Father duhalde, with great accuracy, traces 
this river, which he never fufpects to be the Baram- 
pooter-, from 'its origin in the Caffemirian mountains 
(probably from the Tamo fipririg which gives rife to the 
Ganges) through the great valley of Thibet, 'till, turning 
fuddenly to the fouthward, he lofes it in the' kingdom of 
Affam; but fiill, with great judgement and probability of 
conjecture, fuppofes it reaches the Indian fea fomewhere 
in Pegu or Aracan. The truth is, however, that it turns 
fuddenly again in the middle of Affam, and, traverfing 
that country wefterly, enters Bengal towards Ranga- 
matty, under the above-mentioned name, and thence 
Vol. LXVIL R r r bending 
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bending its courfe more foutheriy, joins the Ganges, its 
lifter and rival, with an equal, if not more copious 
ftream ; forming at the conflux a body of running frefh 
water, hardly. to be paralleled in the known world, which 
difembogu.es itfelf into the Bay of Bengal. Two fuch 
rivers uniting in this happy country,, with all the beauty, 
fertility, and convenience which they bring, w-ell entitles 
it to the name of the Paradife of Nations, always be- 
flowed upon it by the Moguls. 

The chief trade from Lahafta to Pekin is carried on 
by caravans that employ full two years in the journey 
thither and hack again; which is not furprizing, when 
we confider that thediftance cannot belefs than two thou- 
fand Englifh miles ; and yet it is to be obferved, that an ex- 
prefs from Lahafta reaches Pekin in three weeks, a dr- 
cumftance much to the honour of the Chinefe police, 
which know r s to eftabliih fo fpeedy and effectual a commu- 
nication through mountains and defarts for fo long away* 
The trade with Siberia is carried on by caravans to Selin g, 
which is undoubtedly the Selinginfky of the Ruffian tra- 
vellers on the borders of Baykal lake. And this accounts, 
for an extraordinary fad mentioned by bell; that, on 
She banks of the river of that name, he one day found 
a man hufy in redeeming, from fome boys who were 
angling, the fifli they caught, and throwing them into 
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the water again; and from 'this circumftance, and the 
mark on his forehead, knew him to be an Indian, On 
converting with him, he found his conjecture to be right. 
The man told him, he came from Madrafs, had been two 
years on his journey, and mentioned by name fome of 
the principal Englifh gentlemen there. This Indian, no 
doubt, mult have travelled as a Faquier or Sunniaffy 
through Bengal into Thibet, and from thence paffed 
with the caravan to Selinginfky, where bell found him. 
It is proper to remark, that the Indians have an admira- 
ble method of turning godlmefs into great gain, it being 
ufual for the Faquiers to carry with them, in their pil- 
grimages from the fea-coafts to the interior parts, pearls, 
corals, fpices, and other precious articles, of fmall bulk, 
which they exchange on their - return for gold-duft, 
xnufk, and other things of a hrnilar nature, concealing 
them eafily in their hair and in the cloths round their 
' middle, and carrying on, confMering their numbers, no 
inconfiderable traffic by thefe means. The Goffeigns are 
alfo of a religious order, but in dignity above the Faquiers'; 
and they drive a more extenlive and a more open trade 
with that country. 

A particular account of the commerce would be fo- 
reign to the purport of this letter; but, as it would leave 
the information which I with to convey very incom- 
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pleat, did I not mention the fources from which, this 1 , 
country, fo apparently poor and unfruitful,. draws a fup- 
ply of the foreign articles of convenience and- luxury*- 
which I have, occafionally faid they poffefs ; I fhall juft 
oblerve, that, befides their lefs traffic with their neigh- 
bours in horfes, hogs, rock -fait, coarfe cloths, and other 
articles, they enjoy four ftaple articles, which are Effi- 
cient in themfelv.es to procure, every foreign commodity- 
of which they ftand in need; all of which are natural, 
productions,, and deferve to be particularly noticed. The; 
firft, though the leaft c.onfiderable, is that of the cow- 
tails, fo famous all over India, Perfia, and the other king- 
doms of the Eaft. It is produced by a fpecies of cow 
or bullock different from, what I believe is found in any 
other country. It is of a larger fize than the common 
Thibet breed, has fhort horns, and no hump on its back*. 
Its ikin is covered with whitifh hair, of a.filky appear- 
ance; but its. chief Angularity is in its tail,, which fpreads 
out broad and long, with flowing hairs, like that of a 
beautiful mare, but- much finer and far more gloffy. Mr., 
bogle fent down two. of this breed to Mr. Hastings* 
but they died, before they reached Calcutta. The tails fell 
very high, and are. ufed, mounted on filver handles, for- . 
Chrowras, or brnfhes, to chafe away the flies; and no* 
man of conference hi India ever goes out, or fits in 
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form at home, without two Chowrawbadars, or brufhers, 
attending him, with fuch inftruments in their hands. 

The next article is the wool from which the Shard, 
the molt delicate woollen manufacture in the world, fa 
much prized in the Eaff, and now fo well known in Eng- 
land, is made. Till Mr. bogle’s journey our notions on 
that fubject were very crude and imperfect. As the 
Shauls all come from Caffemire, we concluded the ma- 
terial from which they were fabricated to be alfo of that 
country’s growth. .It was faid to be the hair of a particu- 
lar goat, the fine under hair from a camel’s bread:, and a 
thoufand other fancies; but we now know it for certain, 
to be the produce of a Thibet Bleep. Mr. HASTiNGs-had 
one or two of thefe in his paddock when I left Bengal, 
They are of a lmall breed, in figure nothing differing 
from our flieep, except in their tails, which are very- 
broad; but their fleeces, for the finenefs, length, and 
beauty of the wool, exceed all others in the world. The 
Caffemirians engrofs this article, and have faftors efta-. 
blifhed for its purchafe in every part of Thibet, from • 
whence it is fent to Caffemire, where it is worked, up*, 
and becomes a fource of great wealth to that country,, as- 
well as it is originally to Thibet. 

Mufk is another of their flaple articles,, of which it 

will, be needlefs to fay much, as the nature, quality,, and 
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value of this precious commodity are fo well knows is 
Europe. I fhall only remark, that the deer which pro- 
duces it is common in the mountains; but being excef- 
flvely fhy, and frequenting folely the places the moil 
wild and difficult of accefs, it becomes a trade of great 
trouble and danger to hunt after. We have the mulk 
fent down to Calcutta in the natural bag, not without 
great rifk of its being adulterated ; but ftill it is far fupe- 
rior to any thing of the kind, that is to be met with in 
fale in Europe. 

The laft of the articles which I reckon ftaple is gold, 

, of which great quantities are exported from Thibet. It 
is found in the fands of the Great River, as well as in 
moft of the fmall brooks and torrents that pour from the 
; mountains. The quantity gathered in this manner, 
though confiderable with refped to national . gain, pays 
the individual but very moderately for the labour be- 
flowed on it. But, befides this, there are mines of that 
. metal in' the northern parts, which are the referved pro- 
perty of the Lama, and rented out to thofe who work 
■ them. It is not found in ore, but always in a pure me- 
- tallic ftate (as I believe it to be the cafe in all other mines 
of this metal) and only- requires to be feparated from the 
fpar, ftone, or flint, to which it adheres. Mr; Hastings 
.had, a lump fent to him at Calcutta, of about the fizeof 
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a bullock’s kidney, which was a hard flint veined with 
folid gold. He caufed it to be fawed in two, and it was 
found throughout interlarded (if I may be allowed the ex- 
preflion) with the purelt metal. Although they have 
this gold in great plenty in Thibet, they do not employ 
it in coin, of which their government never ftrikes any ; 
but it is ftill ufed as a medium of commerce, and goods 
are rated there by the purfe of gold-dull, as here by mo- 
ney. The Ghinefe draw it from them to a great amount 
every year, in return for the produce of their labour 
and arts. 

I could wifh to add to this account fomething refpeCl- 
ing the plants and other botanical productions of this 
country; but I would not prefume to offer any thing but 
what is authentic and exaCt, as far as my knowledge 
goes. Mr. bogle will no doubt be able to fatisfy the 
learned in that branch, rsfpe&ing many things of which 
I have at prefent no information. He fent down to Cal- 
cutta many, feeds, grains, kernels, and fruits, part of 
which only arrived fafe. Of the fall I tailed feveral, they 
were chiefly of the European forts, fuch as peaches, 
apples, pears, fee. and therefore more delirable for us in 
Bengal; but they were all to me infipid and bad, 

I am now, sir, to clofe thefe remarks with craving 
your forgivenefs for having thus ftarted a new fubjedt of 
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curioflty, without the means of giving more compleat 
light concerning it. Time and opportunity may put more 
in my power on my return to India. In the mean time, I 
hope the Society will accept as a rarity the tranflation of 
the original letter which the Tayfhoo Lama wrote to Mr. 
Hastings, by the envoy whom he lent to folicit a peace 
for the Deb Rajah. It came into my hands in the courfe 
of my office, and by the permiffion of the Governor 
general I retained a- copy. 

.The original is in Perfian, a language which the Lama 
was obliged to employ, that of Thibet, although very 
elegant and expreffive, as it is faid, being totally unin- 
telligible in Bengal. A letter under -the fan&ion of a 
character fo long talked of in 'the weftem world, but fo 
Kttle known, alone renders it an object of curiolity ; but, 
when it is found to contain fentiments of juftice, bene- 
volence, and piety, couched in a Ample ftyle, not with- 
out dignity, and in general exempt from the high-flown 
compliments and drained metaphors fo common among 
the other people of the Eaft, I have no doubt of its 
being received with approbation ; at any rate, it will lerve 
as a fpecimen of the way of thinking and writing among 
a people whofe country and manners I- have made the 
£ubje<5fc of the foregoing fketch. 

-tfranjlatim 
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i ranjlaiion of a Letter from the Tayfhoo Lama to Mr. 
Hastings, Governor of Bengal, received the 29th of 
March, 1774, 


THE affairs of this quarter in every reiped fiouriih: 

I am night and day employed for the increafe of your 
happinefs and profperity. Having been informed, by 
travellers from your quarter, of your exalted fame and 
reputation, my heart, like the bloffbm of fpring, abounds 
with fatisfadion, gladnefs, and joy. Praife God that the 
ftar of your fortune is in its afcenfion. Praife him, that 
happinefs and eafe are the furrounding attendants of 
myfelf and family. Neither to moleft or perfecute is 
my aim; it is even the charaderiftic of our fed. to de- 
prive ourfelves of the neceflary refrefhment of fleep, 
fhould an injury be done to a lingle individual; but in 
juftice and humanity, I am informed you far furpafs us. 
May you ever adorn the feat of juftice and power, that 
mankind may, in the fhadow of your bofom, enjoy the , 
bleffings of peace and affluence ! By your , favour I am 
the Rajah and Lama of this country, and rule over a 
Yo l. LXVII. S f f number 
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number of fubjedts;' a particular with which you have 
no doubt been, acquainted by travellers from thefe parts. - 
X have been repeatedly informed, that you have been 
engaged in hoftilities againfi: the Dah Terria, to which 
it is faid.the. Dah’s own criminal conduct, in committing 
ravages and other outrages on your frontiers, gave rife. 
As he is of a rude and ignorant race,, paff times* are not 
deftitute of the like mifconduct which, his avarice 
tempted him. to- commit. It is not unlikely but he has 
now renewed thofe inftances, and the ravages and plun- 
der which, he may have committed on the Ikirts of the 
Bengal and Bahar provinces, have given you provocation 
to fend your vindictive army againft him. However, his . 
party has been defeated, many of his people have been 
killed, three forts have been taken fromhim, and he has 
met with the pumfhment he deferved. It is as evident' 
a^tlie Sun that your army has been victorious; and that, 
if you had been defirous of it, you might in the fpace of 
two days have entirely extirpated him, for he had not 
power to refift your efforts. But I now take upon me to 
be his mediator; and to reprefent to you, that, as the faid , 
Dah Terria is dependant upon, the Dalai Lama, who 
rules in this country with unlimited fway (but, on account, 
dLhis.being in his minority, the charge of the govern- - 
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meat and adminiftration for the prefent is committed to 
me) Ihould yon perfift in offering further moleflation to 
the Dah’s country, it will irritate both the Lama and all 
his fubjects againft you. Therefore, from, a regard to 
our .religion and cuftoms, I requeft you will ceafe all 
hoftilities againft him ; and in doing this you will confer 
the greateft favour and friendfhip upon me. I have re- 
primanded the Dah for his pail condinft; and I have ad- 
monifhed him to defift from his evil practices in future, 
and to be fubmiffive to you in all things. I am per* 
fuaded he will conform to the advice which I liave given 
him ; and it will be neceffary that you treat him with 
compaflion and clemency. As to my part, I am but a 
Faquier^ ; and it is the cuftom of my fedl, with the rofary 
in our hands, to pray for the welfare of mankind, and for 
the peace and happinefs of the inhabitants of this coun- 
try; and I do now, with my head uncovered, intreat that 
you may ceafe all hoftilities againft the Dah in future. 
It would be needlefs to add to the length of this letter, 
as the bearer of it, who is a Gofeign^, will reprefent to 

(a) The original being in Perfian, this word rs ufed, which can only 
applied with propriety to a perfon of the MufTulman faith : here it cap only 
mean a religions perfon in general* Perhaps monk would have been the bell: 
tranflation. 

(h~) This means a religious perfon of the Hindoo fe£l» 
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you all particulars ; and it is hoped you will comply there- 
with. . In this country, worfhip of the Almighty is the 
profeflion of all. We poor creatures are in nothing equal 
to you; having, however, a few things in hand, I fend 
them to you by way of remembrance, and hope for your 
acceptance of them. 
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XXVI. Of the Degrees and Quantities of Winds requifite 
to move the heavier Kinds of Wind Machines. In a 
Letter from John Stedman, M. D. Fellow of the Royal 
College of Phyficians at Edinburgh , to the Reverend 
Samuel Horfley, LL.D. Secretary to the Royal Society.. 


SIR, 


Edinburgh, 
March 27, 1777. 


Read Apr. 24, t | 'HE irregularity and uncertainty of winds 
17761 -** in this country have been found a con- 

fiderable difcouragement to eredt wind machines. It 
hath frequently happened, that the proprietors of coal 
and other works, after having reared’ thefe kinds of en- 
gines, and having found them infufficient for the in- 
tended work, have been obliged to open mines, or to 
eredfc fire machines. This is chiefly owing to the under- 
takers reckoning upon more winds of a fuf&cient power 
to move thefe machines, than we commonly have in this 
country. 

Thefe machines are rarely erected with us, unlefs 
where a conliderable moving power is neceflary. This 
is always the cafe where the larger kind of pump- work 
is to be. kept in motion, , or where water is to be extracted 
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from deep pits. Having enquired of many people con- 
cerned in fuch works, what may be the proportion of 
time in which wind machines may he kept in motion, to 
that in which they cannot move from a defeCt of wind, 
1 found thefe people differing widely in their conjectures. 

Having, however, met with one gentleman of ob- 
fervation and accuracy, who had eredted a wind ma- 
chine for draining his coal ; he told me that, by the belt 
computation he had been able to make, he never could 
depend upon more than fifty-three or fifty-four hours of 
wind fufficient for moving that machine, in a week, 
taking the year round. This is below what is commonly 
believed to be the proportion ; but, fo far as this can be 
rated by an eftimate in the following manner, it will be 
found to be much about what may be depended upon 
for the heavieft kinds of machines ; ftill making allow- 
ance for the differences of expofures, and for the fbrength 
and frequency of winds in one part of the country more 
than in another. We may here take notice of a circum- 
ftance favourable to the. draining of coal-pits; that is, 
that the periods of the year in w r hich the greateft quan- 
tities of rain fall, are likewife obferved to abound with 
winds of the higher degrees. This feldom fails to hold 
in hilly countries, and particularly in thofe of high lati- 
tudes; that is, where the differences of heats in fummer 
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and of colds in winter are very confiderable. The periods 
of the year here meant will generally be found to fall 
near the Equinoxes. 

The only method of bringing the matter to a proper 
eftimate is, by comparing the quantities of winds fuffi- 
cient for moving thefe machines, with thofe of winds be- 
low that degree, and calms. This computation can only 
be drawn from journals in which the degrees of winds 
are noted. I11 the meteorological regifter of the Medical 
Effays of the Edinburgh Society, there is a column of 
winds, and four degrees are noted. This division is fuf- 
ficient for the purpofes for which that regifter was in- 
tended; but, when we conftder the- wind as a power 
ailing upon machines, that number of ‘degrees will be 
found too fmail. 

Thus, from the fecond in that regifter to a hurricane, . 
there is but one intermediate degree. * As the fecond de- - 
gree, which is* very moderate, is infufficierit for moving , 
thefe machines ; the third is more than juft enough for 
that purpofe, A degree, therefore, which is a mean be-' 
twixt thefe two, will be found to be the loweft that is ' 
fufficient for moving machines of the heavier kinds, par- ■ 
ticularly fuch as are ufed for pumping water out of 
coal-pits.. 
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Thefe three degrees of wind, that is the fecond and 
third of the Edinburgh regiiter, and an intermediate de- 
gree, are very diftinguifhable even by the fenfes, and 
without the aififtance of any inftrument, by thofe who 
are attentive and have been accuftomed to make obfer- 
vations of this nature. 

- ' To afcertain proportions of this nature, a longer term 
of years would have been more fatisfaclory ; but, in cafe 
others fhould afterwards purfue this kind of computa- 
tion, the proportions are digefted in two tables ait the-end 
of this effay, and may be confulted occalionally. . 

In making up thefe tables, viz ., one of the fecond de- 
gree and above,, and the other of the third and upwards, 
hurricanes are included, though that degree of wind be 
too high for any machine. But, as the obfervations were 
taken twice in twenty-four hours, and as winds fufficient 
to .move thefe machines may be fuppofed, to h#ve hap- 
pened fometimes between the times of obferyatjon, 
though at thefe times the wind might’ have been below 
the mean; to compenfate this defedt, hurricanes are in- 
cluded in thexomputation. , , ' 

; From thefe tables then we have the following propor- 
tions of the two: degrees of winds and upwards, to thofe 
below; and likewife of the mean betwixt thofe two 
dggfees. 


Winds 
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Winds of the fecond degree and upwards in^ 
each week, — — * 

Calms and winds below the fecond degree, 

Winds of the third degree and upwards, 

Calms and winds below the third degree, 

Winds of a mean proportion between the two 
preceding degrees, — — 

Calms and winds below the mean degree, 


4.283 

2.7 1 7 

0.902 

6.098 

2.592 

4.408 


The proportion of thefe winds in the year comes out 
in weeks and fractional parts thus ; 

Weeks. 

Winds of the fecond degree and upwards in] 

\ 3I-903 

the year, — — — J 

Calms and winds below the fecond degree, 20.239 

Winds of the third degree and upwards, 6.7 1 9 

Calms and winds below the third degree, 45.423 

Winds of a mean proportion between the two] 

t 1:9.307 

preceding, * — — — — — j 

Calms and winds below the mean, •— 32. 835 


From this computation we have 2.592 days in a week, 
or 19,307 weeks in a year, in which wind machines of 
Vol. LXYII. T 1 1 the 
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the heavier kinds, and of confiderable friction, may be 
fuppofed to be kept in motion; which, to the times 
wherein they cannot go, is as to to 17. 

It may be obferved, that the refinance to the machine,, 
©r its weight and friction, being diminifhed, though in a 
fmall degree, will add confiderably to the frequency and 
length of times in which it can go; fince it often happens 
that there are winds immediately below the loweft de- 
gree in the preceding eftimate, fufficient to keep the 
lighter machines in motion. Hence thofe who have 
machines which are not abfolutely of the heavieft kind,, 
will be apt to conclude this computation erroneous. Be- 
fides,, there are few who make allowance for, or attend 
to, the univerfal law which obtains in mechanics, that in 
larger machines, their power doth not increafe in a pro- 
portion fo high as their bulk and the refiftance arifing 
from their fridtion. 

Computations of this nature, if carried on for a fuffi- 
cient length of time, might be of fome ufe in regulating 
infurances, or in pointing out the riiks of nautical ad- 
venthrers, when made in., the fame climates ; with the 
calculation of winds, , • , . , 

Here I fliould have concluded ; huthaving, after writing ■ 
what is above, committed thefe tables and obfervations 
to the examination of a learned member, of your So- 
7 " ciety, 
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ciety, much converfapt in thefe matters, I had the fatif- 
fa&ion to find that he thought them worthy to be 
communicated to. the Royal Society; but remarked, that 
the materials, which I had proceeded upon, were not fb 
applicable to the purpofe as could have been wiftied. 
He thinks, that the degrees of winds, being only dif- 
tinguhhed into, four in the journals from whence thofe 
tables have been compiled, are much too few to take-in 
thofe of the weaker kind, that will however turn well- 
conftructed wind-mills. Indeed I regretted that the table 
from which I made my eftimate contained fo few de- 
grees; but it was for that reafon I calculated an inter- 
mediate degree between the fecond and the third of our 
•meteorological regifter. Now as all the degrees above 
. that intermediate degree are fufiicient to move the hea- 
vieft machine, and the degrees below it infufficient for 
.that purpofe, fo far as I have been able to obferve, it 
comes to be the fame as if the table, from which I made 
the eftimate, had.confifted of eight degrees, fuppofing a 
. mean proportion to be found between the other degrees : 
thus, o, f, 1, if, 2, 2f, Sec. this laft number ef, being 
the lowed: degree which I find fufiicient fpr the heavieft 
machines, would have been 5, had thefe fractional parts 
been integers in the table, fo that the higheft degree, in- 
.ftead of 4 would have been 8. The mean, therefore, 

T t t 2 between 
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between 2 and 3 being found, will, if I miftake not, 
anfwer the preceding objection. 

This wortby member, at the end of his obferVatkms, 
fays, a mill fo conftruffeed may be expected to go the half 
of the year; that is, I prefume, a wind-mill conftrudled 
in the neateft and moft ingenious manner* But this, I 
have reafon to believe, is far from being the cafe with 
wind-mills in this country, they being for the moft part 
elumfy. I doubt not but wind-mills, the conftrudtion of 
which this ingenious gentleman hath directed, though 
of the fame fize and confifting of the fame numbers 
with thofe I have- feen here, will neverthelefs be moved 
by a lower degree of -wind, and confequently will go a 
greater proportion of time, though they have the fame re- 
iiftance to overcome as others lefs artificially conftrudled. 
Indeed the fame wind machine, as is well known, will 
require a degree of wind considerably higher when 
its joints are dry or become gummy, than when they are 
fufficiently greafed. In my eftimate I have all along had 
an eye to the wind- machines which have the greateft 
refiftanee to overcome; and confequently the machines 
themfelves of the largeft kind. But when, the learned 
gentleman fuppofes a machine to go one half of the 
year, he may perhaps not underftand. one abfoiutely of 

the. 
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the largeft kind. Now as the powers of fimilar ma- 
chines, but of different magnitudes, are as their cubes, 
but the refiftance arifing from their weight and friction 
as the fourth power; it follows, that a fmall difference in 
the fize of two or more wind machines will require con- 
siderable differences in the winds necefiary for their 
movements. 

I am, See. 


’TABLE 
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... TABLE I. 

Shewing the Proportion .of winds of the fecond degree 
and upwards,: to thofe of the firft and below, for five 
years. ; - ' • . 



Propoitioh 
>*f winds of 
the ad degree 
to thofe of 
the fiift, &c. 
in 1731 and 
173a. 

Proportions 
Sec . m 7732 
and 1733. 

Proportion,’ 
&c. in 1733 
and 1734. 

Piopordon, 

&C. Ill I734 

and 1735. 

Proportion, 
Sec . in 173^ 
and 1736/ 

Sum of each 
month for 
five -years. * 
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138 
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36 

26 
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27 

• 141 
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39 

21 

18 
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16 

44 

33 

25 

157 
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33 

38 

24 

46 
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41 
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55 

7 

43 

19 

35 

27 

58 

4 

45 

*7 
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74 
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*3 

46 

10 

48 

8 

47 

9 

42 

16 
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56 
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23 

50 
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53 
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46 
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14 
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88 

May 

54 
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55 

7 

57 

5 
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406 
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45 i 
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467 

263 

510 

220 

2236 

1416 
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TABLE ir. 

Shewing the proportion of winds of the third degree 
and upwards, to thole of the fecond and below, for 
five years* 



Proportion, 
of winds of 
the 3d degree 
to thofe of 
the firft, &c. 
in 173 1 and 
1732. 

Proportion, 
See. i . 1732 
and 1733. 

Proportion, 
Sec. in 1733 
and 1734. 
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he . in 1734 
and 1735. - 

?roportion, 
kc. in 1735 
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XXVII. Defcription of the Jefuits Bark free of Jamaica 
and the Caribbees. By William Wright, M.D. Member 
of the Philofophical Society of America, and Surgeon- 
general in Jamaica. Communicated by Jafepb Banks, 
Efquirey F. R, S, 


Read April 24, r T"' HIS fpecies of Jefuits bark grows on 
ih ' “** ftony lands near the fea-fhore, in the 
parishes of St. James and Hanover, on the north-iide of 
Jamaica; and I found one fmall tree, at a little diftance 
from the fort, at Martha Brae in the parifh of Trelawny. 
The tree is called the Sea-flde Beech, and rifes only to 
twenty feet. The trunk is not thick in proportion, but 
hard, tough, and of a yellowifh- white colour in the infide. 
The branches and leaves are oppolite; the leaves are of a 
nifty green, and the young buds of a blueifh green hue^ 
It blofloms in November, and continues in flower till Fe- 
bruary, having on the fame tree or fprig, flowers and 
ripe pods. The flowers are of a dufkiih yellow colour, 
and the pods black : when ripe they fplit in two, and are, 
wi|h their flat brown feeds, in every refped fimilar to 

thofe 



on the outiide, though in 


fome 


ro jsii arm 


torous. 


When well dried, the iniide is of a darn-brown colour. 
Its flavour at firit is fweet, vritl: 
horfe-radifh and of aromatics of tiie 
fwallowed, of that very bitternefs and aitringency 


mixture of the tafte of 
Eaft; but, when 
iiich 

charadlerifes the Peruvian bark. It yields thefe qualities 
ffcrongly to water both when cold and in decoction. Half 
an ounce, boiled from two pounds to one pound of water, 
made as ftrong a decoction as three times its weight of the 
Cinchona vera . The colour was brown, but not turbid. 

I have had many opportunities of trying its effects, 
efpecially in remittents, .which are the moft common 
and fatal fevers in thefe climes. A vomit or gentle 
purge, if necelfary, was firft given; and then imme- 
diately this bark fo foon as they operated. I obferved 
that it ftrengthened the ftomach, checked retching and 
vomiting, corrected morbid humours in prima vnv, and 
conquered fpeedily the difeafe. My fuccefs in fuch a 
dangerous malady leaves not a doubt on my mind, but 
that it will prove equally efficacious in every other cafe 
where a tonic and antifeptic medicine is indicated. - ' 
Vol. LXVII. U u II CIN-. 
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CINCHONA JAMAICENCIS, fetl CARIBBEAN Ac- 

cinchona capjb^a, JJnn. Spec. Plant . 245* 

tol. ovata, integerrima, acuta, enervia, oppofita. 

flor. fmgulares, axillares. 

cal. Perianthium monophyllum, fuperum, quinque- 
fidum, minimum, perfiftens, campanulatum, obfo- - 
letifbme quinquedentatum. 

cor. monopetala, infundibiliformis. Lubus cylindraceus, 
longiffimus : Limbus quinquepartitus, , tubo equa- 
lis: Laciniis. ovatis, oblongis, . reflexis, quandoque 
p.endulis. . 

st. am. Filament a quinque, filiformia, eredta e medio tubi, 
longitudi'ne corollas, Anther <z longiffimse, obtufae* 
eredtse fupra bafin exteriorem, affixse in fauce corollae. 

caps, bipartibilis in duas partes diffepimento paralello* , 
latere inferiore debifeens. 

sem. plurima, comprefla, marginata, oblonga. . 
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XXVIII. Defcription and UJe of the Cabbage-bark tree 
of Jamaica. By William Wright, M. D.; commu- 
nicated by Richard Brocklefby, AL D. F. R, & 

Read May i, ^HE Cabbage-bark tree, or 'Worm-bark 
^ tree, grows in moft parts of Jamaica, 
and particularly abounds in the low Savannahs of St. 
Mary and St. George. It rifes to a confiderable height, 
but no great thicknefs, fending off branches towards the 
top of a ftraight, fmooth trunk. The leaves are, when 
young, of a light-green hue; when full-grown, of a 
dark-green colour; and before they drop, of arufty ap- 
pearance. 

The flower-fpike is long and beautifully branched. 
The flowers are numerous ; their calyces of a dark pur- 
ple ; their petals of the colour of the pale-rofe.; the noc- 
turia muft contain much honey, as thoufands of bees, 
beetles of various kinds, butter-flies, and humming-birds, 
are continually feeding thereon. 

The pericarpium, is a green, hard fruit, of the fize of 
the fmaller plumb. The fkin is of the thicknefs of a 
crown-piece ; and taftes very auftere. The kernel is 
Govered with a brown fkin like that of other nuts; it is 
very hard, and taftes aftringent. 




I 5°7 1 


XXVIII. Defcriptlon and Ufe of the Cabbage-bark Tree 
of Jamaica. By William Wright, M. D.; commu- 
nicated by Richard Brocklefby, M. D. F. R. S. 

Read May x, f’ | ' h E Cabbage-bark tree, or Worm-bark 
I 777 4 jf 

tree, grows in moft parts of Jamaica, 
and particularly abounds in the low Savannahs of St. 
Mary and St. George. It rifes to a confiderable height, 
but no great thicknefs, fending off branches towards the 
top of a ftraight, fmooth trunk. The leaves are, when 
young, of a light-green hue; when full-grown, of a 
dark-green colour; and before they drop, of arufty ap- 
pearance. 

The flower-fpike is long and beautifully branched. 
The flowers are numerous ; their calyces of a dark pur- 
ple ; their petals of the colour of the pale-rofe.; the noc- 
turia muft contain much honey, as thoufands of bees, 
beetles of various kinds, butter-flies, and humming-birds, 
are continually feeding thereon. 

The pericarpium. is a green, hard fruit, of the fize of 
the fmaller plumb. The ikin is of the thicknefs of a ; 
crown-piece ; and taftes very auftere. The kernel is , 
covered with a brown fkin like. that of other nuts; it is 
very hard, and taftes aftringent. | 
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The wood is hard, and takes a good polifli. It is 
however fit only for rafters or other parts of frnall build- 
ings ; but this tree is valued chiefly for its bark, which 
externally is of a grey colour, and the infide black and 
furrowed. 

Freili cabbage-bark fades mucilaginous, fweet, and 
infipid. Its fine!!, however, is rather difagreeabl'e, and it 
retains it in the decoction; hence by lome called the 
bulge-water tree. 

Mr. peter duguid, formerly of this ifland, feems to- 
ll ave been the firft that gave any account of the virtues- 
of this bark, in the Edinburgh Effays, Phyfical and Li- 
terary, vok II. The experiments he promifed have never 
yet appeared. It. is certain it has powerful effects, .and its- 
anthelmintic quality is eftablifhed by the experience of 
feveral ages. It is at prefent in general ufe here, and* 
begins to be known in Europe. No defcription having yet 
appeared, I have fupplied that defedt as far as my abi- 
lities in Botany reached. It remains now to proceed 
to its exhibition, and the purpofes it is meant to anfwer. 
as a medicine. 

Cabbage-bark may be given in different forms ; as in 
decodtion, fyrup, powder, and extradt. I have ufed them 
all,, and fhall fpeakof them, feparately., 

The 


% 
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The decodtion. Take frefh-dried or well-preferred 
cabbage-bark, one ounce. Boil it in a quart of water, over 
a flow fire, till the water is of an amber colour, or rather 
of deep coloured Madeira wine; {train it off, fweeten it ' 
with fugar, and let it be ufed immediately, as it does not 
keep many days. 

Syrup of Cabbage-bark. To any quantity of the- 
above decodtion add a double portion of fugar, and make- 
a fvrup. This will retain its virtues for years. 

The extract of cabbage-bark is made by evaporating 
the ftrong decodtion in balnea maria, to the proper con- 
fiftence ; it muft be continually Birred, as otherwife the 
refinous part rifes to the top, and on this probably its 
efficacy depends. 

The powder of well-dried bark is eafily made, and 
looks like-jallap, though not of equal fpecific gravity. 

This bark, like moft other powerful anthelmintics^ 
has a narcotic effedt; and on this account it is always 
proper to begin with fmall dofes, which may be gra- 
dually increafed till a naufea is excited, when the dofe for 
that patient is afcertained. But by frequent ufe we can 
in common determine the dofe, though we chufe to err 
rather on the fafe fide. 

A ftrong healthy grown perfon may, at firft, take four ' 
table fpoonfuls of the decoction or fyrup, three grains 
of the extract,, or thirty grains of the powder for a dofe.. 
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A youth, three table fpoonfuls of the decodtion, or fy- 
rup, two grains, of extradt, or twenty grains of powder. 

A perfon of ten years of age, two table fpoonfuls of 
the decodtion or fyrup, one grain and a half of extradt, 
or fifteen grains of the powder. 

Children of two or three years old, a table fpoonful of 
the decodtion or fyrup, one grain of extradt, or ten grains 
of. the powder. Children of a year old, half the quantity. 

Thefe may be increafed, as above obferved, till a nau- 
fea is excited, which will depend on the ftrength, fex, 
and habit of body of the patient. 

Care muft.be taken that cold water be not drank during 
the operation of this medicine, as it is in this, cafe apt to 
occafion ficknefs, vomiting, fever, and delirium. When 
this happens, or when.an over large dofe has been given, 
the ftomach muft be waflied with warm water: the pa- 
tient muft fpeedily be purged with Caftor-oil and ufe 
plenty of lime-juice beverage for common drink ; vege- 
table acid being a powerful antidote in this cafe, as well 
as in an over dofe of opium. 

The decodtion is what.is moftiy given here, andfeldom 
fails to perform every thing that can be expedted from 
an anthelmintic medicine, by deftroying .worms in .-the 
inteftines, and bringing them away in great quantities. 

. By frequent ufe, however, thefe. animals become famf- 
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Tiarized, and we find it neceflary to intermit it, or have 
recourfe to others of inferior merit. 

The writers of the Edinburgh Medical Commentaries 
take notice,, that the decoction of cabbage-bark always 
excites vomiting. We find no fuch effect from it here, 
and may account for it by their receiving it in a mouldy 
ftate. A fyrup, therefore, is given there with better ef- 
fect. They obferve alfo that it has a diuretic virtue,, 
which we have not taken notice of here. 

This bark purges pretty brifkly, efpecially in powder, 
thirty or forty grains working as well as jallap by ftool; 
but in this way it does not feem to kill worms fo well as 
in decodtion. 

Five grains of the extradt made a ftrong man fick, and 
purged him feveral. times; but, by frequent ufe,, he took 
ten grains to produce at length the fame effedt.. 

It muft not be concealed thatfatal accidents have hap- 
pened from the imprudent adminiftration of this bark, 
chiefly from over-dofing the medicine. But this. cannot 

1 

detradt from the merit of the cabbage-bark, fince the belt 

medicines, when abufed, become deleterious; and even’ 

| 

our beft. aliments, in too great quantity, prove deftmdflve.; 
Upon the, whole, the cabbage-bark is a moft valuable 
remedy, and; I hope will become an addition to the ma-i 
term medica . 

f 
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G E OFFRJEA J A M A- 1 C E N.CI S I N E 

eol. oppofita, oblongo-ovata, ternata, acuminata, fur- 
perne glabra, inferne enervia, petiolis brevibus* 
cal. Perianthium monophyllum, . campanulatum, le- 
viijirn£ quinquepartitum, laciniis ovatis, brevibus.. 
cor. papilionacea: Vexillum fubratundum, concavum: 
Ada obtufae, concavae, longitudine vexilli. Carina 
ovata, patens, in.duabus partibus leviflim£ divifa. 

ST am. diadelpha, deeem* ffliformia,, in., calyce infer ta, 
longitudine alarum. Anthers fubrotundse. 
pist. fubulatum, filiforme. • Stigma nullum. Germen. 

ovato-oblongum, compreffum. 
per. Drupa fub-ovata, magna. 

sem. Nux fub-ovata, fub-lignea, fulco utrinque longi- 
. tudinali, bivalvis. 

The botanical reader will fee how nearly this agrees • 
with the Geoffraa fpinofa of lin-njeus. The Genera of. 
plants are fufficiently multiplied, and it was thought beft 
to make this a ipecies only.. 
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5i4- Sir george shuceburgh’s Obfermtions 
made exprefsly in London and Paris, in order to make 
fuch experiments as might prefent themfelves to me en 
court anl ; and which, either from want of acquaintance 
with the fubject, want of time, or want of money, be- 
come rarely the object of travellers but remain wholly 
unknown till princely munificence and philofophic zeal, 
(of which we have a recent inftance) unite in producing 
them to the world- After the very celebrated and inge- 
nious labours of Mr. de luc, farther inveftigation .of 
the fubjedt of barometrical meafurement might feem: 
unneceiTary, if not invidious; but, furnifhed as I was 
with an apparatus every way fufficient for the inquiry, 
finding myfelf in the country which had been the fcene 
of. his operations, and pofieffing fome fhare of his own,; 
zeal, I could. not but gratify the curiofity I had to verify 
and repeat his experiments: if therefore in the purfuit 
of this- inquiry I fhould be led to a conclufion fomething 
different from the refult of. his own observations, J arn 
convinced that this diftinguifhed . obferver, of whofe 
candour and talents I have an equal, opinion, will im- 
pute it wholly to. a love for truth;.. as with me the 
precept applies as firongly to the philofopher as to the 
hiftorian, Ne- quid falfi auddat. y m quid mri non audeak 
dkere. 

& 


But 
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But to proceed. The inftruments I made ufe of in 
thefe operations were, two of ramsden’s barometers (a '\ 
three or four thermometers detached from the barome- 
ters, whofe boiling and freezing points I had examined 
myfelf; an equatorial inftrument, the circles of which 
were about feven inches diameter, made by ramsden; 
a fifty-feet ffceel meafuring chain; and three three-feet 
rods, two of deal and one of brafs, in order to examine 
and corredt the chain, thefe latter made by baradelle 
at Paris. Befides thefe I took with me a little bell-tent, 
which I found of great ufe, as it defended me from the 
wind and fun; and I may remark, that tbe observations 
of the uppermoft barometer were made in the tent. 

My firft feries of obfervations I propofed to be on 
Mont Saleve^, one of the Alps, fituated about two 

(a) It may not be Improper to remark, that the Ipecific gravity of the quick- 
silver of thefe barometers with 68° of heat was 13,61-; the diameter of the 
bore of the tube 0,20 inch; and that of the refervoir 1,5 inch* 

(b) Mont Saleve extends near nine miles in length; is not quite 3300 feet 
in height above the Lake. That fide of it which is next Geneva is for the 
mod part a barren rock, the north-eaft end of it being almoft a perpendicular 
precipice ; the other fide of the mountain is lefs rude, of a more gentle aedi- 
vity, covered with trees, fhrubs, and herbage, as is alfo the top, where is feme 
of the fineft pasture in the world. It is inhabited only by a few lhepbewfe, tv ho 
pafs the fummer months here with their cattle, in little miferable huts or 
barns 5 the remaining part of the year, viz . for about four or five months, it 
is covered with fnow. This mountain contains chiefly a calcareous ftone; 
and there 5 is reafon to believe that there is an iron ore in it, at leaft in feme 
parts of it, as a piece Mr* de luc, the brother, picked up near the fouth-weft 
end, I found, fenfibly affected the magnet* 

-X x x 2 leagues 
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leagues fouth of Geneva, and precifely on the fame point 
where Mr. de luc had made his higheft or fifteenth ftra- 
tion: this fpot I learnt from his brother, whofe civilities* 
both then and fince, I fhall frequently have occafion to 
remember and mention. 

The place where I meafured my bafe was in a field 
near the villages of Archamp and Neidens, not quite 
three miles in a horizontal line from the top of the rock 
whofe height was to be determined (fee the chart that’ 
accompanies this account). At the end of the bafe a 
r intended to place one of my barometers ; and the other, 
at the top of the rock, called the Pitton, at c; and with 
the above inftruments meafure the triangle abc. The 
angles were taken both on the horary circle, which was 
brought parallel to the horizon, and alfo on the-azimuth 
circle of the equatorial inftrument; this made it, as it 
were, two different inftruments independant . of each 
other. The angles were moreover- doubled,, tripled, and 
quadrupled, on each arch;. by this means the error of 
the center or "axis of the inftrument vanifhed ; . the pofii- 
ble error, in. the . divifions, in the. reading of^ and in the 
coincidence of- the wires in the ieiefcepe (which . -magm- 
fied forty times) .with the ftgnals placed at each angle of 
the triangle, was leftened .in proportion to the number 
of times* the. obfervation was repeated; and . finally the 


mean : 



in order to afcertain the height of Mountains. s 1 7 
mean of all was taken. The fame was done with each 
angle at a, b, and e, horizontal as well as vertical, viz. 
the elevation of c above a and b was taken ; and alfo the 
depreflion of a and b below c. The advantage, of this 
method was, that the error of the line of collimation, the 
efledt of refradtion, and of the curvature of the earth’s 
furface, all became equal and contrary;- by thefe means 
the little errors were diminifhed, and great errors abfo- 
lutely avoided^. I- {hall,. however, beg leave to fet down 
the operation at length refpe&ing this one triangle, in 
order to Ihew the precilion that may be expected from 
fuch a geometrical procefs; to remove the fcruples of 
thofe gentlemen who fufpedt that. accuracy is- only to be 
obtained, by large quadrants ; and laftly, to do juftice and 
fatisfadtion to the celebrated artift who invented and 
made this valuable inftrument. 

(rj I muft acknowledge’ here, that the attra&ion of the mountain creeps into 
the account uncorre&ed for,, but only half of this quantity influences the mean 
refult, as at the top it was nothing, and at the bottom of the mountain it could 
&ot exceed io" in the direflion ac, as I find from a rough computation, the half* 
of which =: 5" would give only four inches for the correction* 


Deier- 
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. Determination of the Bafe, 


Ch. Ft. In, 

^Length. of; the hafc ab (fee- thd Chart) by tbe.cljain, } 
firft time, — — — J ^ 

Ditto, fecond time, — - — — 55 9 9 i 

The mean, r— ,1— ,55 9 .19-87 

Ft. In. 

By frequent previous obfervations I determined GO the length 

of the chain by companion with the brafs .ftandard tod r 50 o o 
reduced to 60 3 of heat, — - — •' 

Corre&ionfor 13!°. of heat from.cxpap.iion, , . +Q o. 05 

Diameter of the pins or arrows, one of . which was ufecl atn 

each -chain, and in fuch manner, that this correction be- f + 0 o 16 
came -al ways .-f -- — - — — ■. 

Corredt- length of the chain- as-jt was ufed in meafuping' the j Q 
bafe, — - — — — J * 1 

Multiply by-the number of entire chains in the bafe, 55 


Temper. 

1 1° 
76 
• 73 i 
* 

60 


•*75o ii .55 


-Add theparts of a chain^ . •— 

"True length of the bafe., as it was meafured, — * 

‘Cerreftion for the defeft of level, taken with an inftru- 
ment made on purpofe, each time the ehain was.placed, 


9.10:87 
*2760 IO 42 
| ~ o 76 W 


The true horizontal diftanee between -a and b becomes, 2760 9 66 


Deter - 

\d) It 'may be required, to what precision 1 could determine the length of 
my chain? I think certainly to within ^ of an inch, or^ of the whole 
length* The common gunter’s chain of the Chops is always fubjeft to ipring 
and ft retch confiderably; mine was made of hardened fteel, on purpofe to avoid 
this deleft. It however ftill preferved fome degree of elafticity, for when 
pulled with a force of about ten pounds, it feemed =0,12 inch longer than 
when laid gently on the floor without being ftretched at all: the affumed length 
«rf ^ -chain was fuch as feemed to me .probable from a moderate tenfion in 


common 
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Determination of the angles by the equatorial. 


Oh the azimuth 
circle.- 

On the equat. circle, tte 
horary being converted 
into gradual divihcns* 

ti A by. tbe 1 ft obfervation — - 

0 tn 

5 8 27 39 

- 

O I It 

58 28 30 

2 d,, - - 

— 29 0 

-- 

~ 27 3° 

3 d * — “ 

— 28 30 

- 

— 29 13 

4th, — — 

— 3° 

— " 

— 29 15 

£_ taken four times over on the arch,. — 

233 54 I S 

- 

2 33 54 3° 

The mean, — 

58 28 49 

- 

58 28 37| 

Laftly, the mean of all 

from the 

two circles 

= 58* 2=8' '43^ =• ^ at A‘. 




4. B by the ift obfervation, — 

12 1 '54 45’ 

— 

in 53 0 

10 

! 

1 

5 1 3° 

- 

— 52 30 

3d, — ~ 

— 5° 30 

— 

— 50 45 

jr taken three times over on the arch, ~ 

335 -3 6 45- 

— 

335 3 6 1 S 

Mean, — — 

hi 52 15 


52 Si 

Mean of all from the two 

circles = 

II I 

0 52' IO* 


= A at b. 

common ufing.it. It may perhaps not be out of place- to remark' here, -that the 
rods with which the chain was examined, agreed exaflly.with the fcales of the 
Barometers; at leaft the difference in nine inches,- taken in> different parts -of the-- 
fcale, did not appear to exceed of an inch. 

(e) The precaution in taking the inclination of the chain every time, if^thte 
tafe’be nearly a plain, as -is the cafe in many meadows, Teems to be unnecefiary ; : 
for this fame correction, deduced from the inclination of the bafe dbfeited at ( 
a and b, comes out — 0,99 inch, only 0,23 inch different, a ~ quantity - wholly) 
inconfiderabk. 
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£, c by the iff obfervation* 
2d, — ■ 

3d, — 


t)n $ie azimuth t On the equat. circle,* 
circle. 


o / a 

9 39 0 
~ 39 0 
~ 3 8 45 



“ 39 45 


z taken, four times over on tbe arcb, — 38 35 45 

Mean, — 9 3 8 5^1 


3 8 34 45 
9 3 8 4 *i 


Mean of the two circles, = 9* 38' 48^ = ,£ ate. 


By actual obfervation. . 


Angles finally corre&e*. 


z . at a, — — 58 28 43$ 

4 at£, — - — in 52 10 

4 at c, — • — 9 3 8 4 8 ! 


Sum of the three angles = 179 59 42 
Taken from . 180 o o 


Leaves the difference zz 
fum of the errors. 


} Thefe angles corrected by 
adding 6" to each (the 
fum of their' errors, or }* 
defe£fc from z8o° being 
—18") become, 

Sum, 


o / // 

58 28 49 1 
in 52 16 
9 3 8 54 ! 


180 o’ o 


It is highly curious and fatisfa&ory to fee the amazing 
correfpondency of thefe obfervations, made with an in- 
ffcrument of only 34 inches radius, whereon an angle of 
one minute is about equal inch; and I think we 
may fairly conclude, that thexorredted mean refult of 
thefe obfervations is true to within 6" or which, as 


(f) I may have a future occafion to fpeak of the accuracy of this inftrument 
for aftroaomical purpofes; but I cannot omit this opportunity of, mentioning 
one* viz* in taking the latitude of the city of Amiens in Picardy, where I had 
thirteen obfervations by the liars and Sun, the mean of which differed a 5" from 
the extremes, and only 3" from the refult of Mr. Cassini’s obfervations, 
made, I believe, with a nine- feet zenith fedor, as related in La Meridienne de 
JPmtss vsrifii* ^ 


may 
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may be proved hereafter, would occafion an error of 
only three feet in the diftance of the mountains, and 
feven inches in the height. I proceed next to the ver- 
tical angles. 


Determination of the inclination of the Jides ac, bc, and 
ab, with the horizon ; the height of the eye at the in - 
Jirument being four feet above the ground. 


Altitude from below at a# 


Inclination of AC, — io 33 2 

Correftion for the part of-j 

the fignal which was ? — x 38 
obferved, ■* 

Corre&ion for the line of 1 Q 

coliimation, — _ * 

Correct for the refra&ion, — o 27 


True Altitude of c from a, io 29 58 


preffion from *bovc atC, 

o it* 

10 29 18 

Co rreft for the fignal, — 4* 16 

— for the line of col- \ 

limation, — - J +59 

- for refraction, + 27 


True depreffion of a from c, 10 31 o 
Arch intercepted between, j _ ^ ^ 


or curvature. 


True altitude of c from a] 

deduced from the obfer- r 10 28 30 


vation at c. 


Mean corre£ted altitude of c from a = io° 


(g) If tie computation were to be made from either of the obfervations take* 
feparately, the difference would amount to only three feet in the height of cj 
and this may either be in the correftion of the line of coliimation, the effe$| 
of refra&ion, or in miftaking the part of the fignal that was obferved* lor, 
whilft I was gone to the top of the mountain, fome peafants poffeffed th&felves 
of the handkerchiefs I had fixed to the fignals below in order to have a 
confpicuous and determined point* 


Indin 


Vol. LXVII. 


Y y y 
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5 ?a 


Altitude fram below at 


Inclination of bc, ~ 
Correct for the part of the 1 
fignal obferved, — * j 
Error of collimation, 
Corredt for refra&ion. 


Oil! 

IX 20 20 

— J 38 

— o 59 
■ — o 26 


T rue altitude of e from b, 1x1723 


DepreBion from above at 
o / // 

ii x'9 47 

Correft for the fignal, ~ — 59 

Error of collimation, — *4 59 

Effeft of refraftion, — + 26 


True depreffion of b from c, 1 1 20 1 8 
Arch intercepted, or cur- J ^ ^ 


vature, 

True altitude of c from b, ■ 
deduced from the 
fervatiou at c,. 


rom b, "j 
re ob~ ? 


ii 28 


o 


Mean of the two- or corrected altitude of c from b 


ii° i 7 / 4 i 1 


- 

Altitude at a. 1 

| Depreffion at 

z. of inclination of ab! 

the bafe, • — ■ J 

Error of the line of col- 1 
limationi — j 

© / a 

[■ o 27 o 
[ — O 59 

Error of collimation, 

Correft depreffion of a] 
from b, — J 

Arch intercepted, — 

0 / is ■ 

O 27 + 

+ 0 59 - 

f 0 28 3 

Correct altitude of b from A, o 26 1 

1 

— 0 27 

~ * 

_ 

: Altitude of b from a de-i 
duced from the obfer- 
vation at s, — • - 

| 0 27 3 s 


i. • * 

Mean of the two, or corrected altitude of b from a 


= o° 2& 49"^ 

(b) It fhould feein from thefe two obfervations, that the error of the line of 
colligation had been afiumed too greats it has however, as I have before 
obipryed, nothing to do with the mean refult : and this is$ perhaps, one of the 
beft means of dlfcovering the error of collimation, and the very method Mr* 
be luc ufed, to adjufl: his level, though, as I have been informed by his brother, 
without taking Into the account the efFed of curvature, which, if his hori- 
zontal marks were 2000 feet diftant from each-other, -would amount to 20", and 
y&Mrjror to half that quantity. ; 1 , t, / 

1 1 1 ,,v- ,& * ^ hsv© 
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I have thus, in a manner rather prolix, given a detail 
of the methods ufed to afcertain the quantity of the dif- 
ferent angles. It may be of ufe on a like occafion, and 
will at lead: ferve to determine within what limits the er- 
ror of the final refult may be expected to lye, as on the 
precifion of the geometrical operations all the compa- 
rifons of the barometrical ones depend. This procefs 
once mentioned will exempt me and the reader from the 
trouble a fecond time, when he is informed, that the 
fame fidelity and pains were employed (where the cir- 
cumftances would admit) in all the trigonometrical ob- 
fervations, of which the annexed chart is a fummary. I 
proceed now to the determination of the fides, the com- 
putations of which are too well known to enter into this 


paper. 


Feet. 

Side ab 2760.8 

AC 15286.4 


BC I404I.7 

Thefe with the angles give for the height of c above A, 
The height of c above b, — — 

The height of B above a, — 


Feet. 

2835.07 

2806.27 

22.18 


Thefe two added give the height of c above a, deduced from the] 2828.45 
obfervation at b, — — — * 

But the height by aftual obfervation at a was, — — 2 ° 35- 0 7 

Then the mean of the two, — — — 2031.70 


which is probably within three or four feet of the truth, 

or about one foot in a thoufand. 

Y y y 2 Having 
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Having thus the perpendicular height, as X think, 
very accurately aicertained, it remained for me to take 
the altitude of the barometer at each ftation a and c, and 
if poffible with equal precifion. Thefe obfervations it 
would be too tedious to fet down at length, I ihall, how- 
ever, premife the following particulars. Every obferva- 
tion of the barometer was triple ; that is, the height was 
read off three different times, and the mean taken ; but 
from once reading only I could be fure of the height to 
-j—pg- of an inch, exclusive of the error of the diviftons, 
which in fome places might amount to that quantity; 
this. the. nonius would itfelf difcover and even correct by 
eftimation.. At every feries of obfervations, the float at the 
bottom was readjufted, fo. that I could conftantly be fure 
of an alteration of the weight of the atmofphere ex- 
preffed by 0.00 2 inch of quickfilver, if not of half that 
quantity. Finally, the difference of the two barome- 
ters was conftantly taken, after being left three-quar- 
ters 

may Be concluded, thatihis difference fliould be conftanfy and 'alwaysthe 
jarae ; but, from what caufe I know not, it did not appear fo to me. In my journal, 
for the weather for 1775, I‘ find 'the following note ; from ainean of feventeen 
obfenrations between Auguft 12th. and, Sept*. i A viz* before,, at, and after, myv 
expedition to MontSaleve and- the Mole,, 1 find the difference, between my two* 
barometers —*9042 inch, N° r* Handing the. higheft; in thefe comparifons, 
however, the extremes fometimes* differed from the mean z=,cjb 6. And in my 
f&ffage over Mont Cenis,,Dec*. 1*. barometer W flood lower thaA N* 2 k 

h 3; 
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ters of an hour or more in the fame place, to acquire the 
true temperature of the air, and this before and after 
every expedition. The fractional parts of a degree on 
both the attached and detached thermometers were 
noted only by eftimation, but written down to ioths, 
being more convenient in the computation; for 1 may 
remark, that one-third of a degree on the attached ther- 
mometer is equal to about inch on the barometer; 
this attention, therefore, to the fub-diviiions of the de- 
grees, became neceffary. I conclude, laftly, with pre- 
fuming, that the weight {k} of any column of air may be 
meafured with thefe barometers to ,008 inch, though all 
the errors fhould lye the fame way.. 

Leaving Geneva about half paft fix in the morning, 
Auguft 20th, I arrived at the place a of my bafe a little- 
before eight; near to which there happened to be a 
fliepherd’s houfe, in which I left one of my barometers 
(N° 1 .) with a fervant, to examine and obferve it every 
five, or ten minutes for near nine hours fucceffively,. 

by — *013 inch:, it is difficult to- account for this* May loth, 1776, at Roye, 
N° i« Rood loweft by — ,ooj* June 12 th, at Naples* N° 1* flood bfefl: by 
>—,©08. Sept. 10th* in London, N° i» flood higheft by 4 -,oo 6. Thefe 
apparent variations may poffibljr. arife from fome alteration 1 n, the. frame- work. 

the barometers through moifture^ &c*. 

Qt ) I muft not be underftood to mean, that the length of any column of air, 
39^ay be meafured an equal accuracy, even though our theory ffiould.be per-, 
this wiU be the ffibjed, of inquiry in its proper place. * * „ 
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until I r.eturm&d;; the windows and doors of the room, 
in which the'inftrumeht was placed, being" left open, by 
•which means there was a free communication with the 
outward, air, and the barometer not expofed to the Sun, 
The detached thermometer was hung on the window 
towards the north-eaft, where there was neither direct 
nor reflected heat from the Sun (l) . The two. barometers 

(l) I have thought proper to mention this, as it is almoft the only circum- 
ftance wherein my method of obferving differed from Mr. de i.uc’s, whofc 
thermometers (if I miftake not) were hung always in the Sun, and probably 
for this reafon, becaufe the column of the atmofphere between the two baro- 
meters, whofe mean heat is to be determined, is (if the Snn Urine) all expofed 
to the Sun. I Have, however, always preferred hanging them in the fhade, 
and I give the following reafcns : all fpurious and local heat from reflexion is 
more eaiily avoided} no concentrated and falfe heat-is acquired by the mounting, 
and thence communicated to the tube, even though the ball flaould be infulated; 
and, finally, becaufe I fufpecl the real temperature of the atmofphere in the 
Sun and in the fhade to be the fame, or at leaft inlenfibly different. ■ This may 
be thought to be advancing too much;, but, to be fatisfied of the pofition, I made 
no lefs than four-fcore obfervations with four different thermometers of very 
different mounting, hung alternately expofed to the Sun’s rays, and fereened 
from them by die fhade of a tree, in an open plain at fome diftance from the 
town of Geneva. The refult was, that my beft thermometer, with the ball 
infulated, differed only 2° in the different fituations ; the others, more or lefs, 
as they were more or lefs connefted with the frames in which they hung. One 
of them, inclofed in a glafs tube, role 1 a 0 higher than the true temperature, 
which was 77 0 . It fhould feem then, that the variety in the mounting occa- 
sioned this difference; and this effect: of the materials, of which the inftru- 
ment is made, cannot be wholly avoided, as the glafs itfelf, which conftitutes 
the ball of the thermometer, will acquire and contain more or lefs, in proportion 
to its thieknefs and opacity. If a thermometer were perfeft, it would reflea 
all the rays that it receives. More might be added to corroborate this 'idea, 
Jmt it wo.uld fwell this note to an unwarrantable length, • ' . 


were 
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were here compared; and at a quarter after nine, begin- 
ning my walk, I arrived, not without fome fatigue at 
the top of the mountain about noon. The view from 
thence was incredibly beautiful. Every object, that from 
Geneva' was fhiking, from thence appeared with an ad- 
ditional effect. The mountains feemed higher, and 
nearer; the plain appeared a more perfect level, the fmall 
inequalities from this height becoming infenfible ; and 
a larger portion of the lake prefented itfelf : behind me 
an innumerable collection of naked points and precipices, 
all new objects, that from below are hid by the mountain, 
afforded, frelh and moffc aftonifhing ideas of this: very 
lingular part of the creation.. The clouds however (for 
it r was a little hazy) unfortunately prevented my feeing 
Mont Blanc and the Glacieres, winch were frill farther 
behind. Some of the clouds wore below" me, and very 
near ; exhibiting to me, at that time;.' a' very lingular phe- ; 
nom'enon of the thunder grumbling under my feet. I 
was occupied here between four and five hours with dif- 
ferent-' obferyations. The barometrical ones I am now' 
going- to relate; and I fliall at the fame time give 
commutations 1 of them according to . Mr. de lucV me- 
thod, orrather according to Dr. Horsley’s reduction of; 
it 'to theJ-feales and meafures of this country (vide 1 
Philof. Tranf, vol.- LXW.) with this difference, that I 

have 
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have reckoned the equation for the expanlion of quick- 
filver =,00323 inch for every degree of Fahrenheit’s 
thermometer in a column of 3 o inches, inftead of ,00312 
which Mr. deluc ufed; the former I had collected from 
forne of my own experiments made at Oxford in the 
beginning of the year 1773: this difference will not, 
however, occalion an alteration in the refult of any one 
of my obfervations of more than five inches, and may 
therefore be confidered as of no account. Of the real 
value of this correction I fhall fpeak more hereafter. 

The barometer was fet up on the mountain at one 
o’clock, and left an hour and a quarter to acquire the 
temperature of the tent in which it was placed, before 
the firft regular feries of obfervation was taken. The 
fucceeding obfervations w r ere made at intervals of near 
an hour each. I have ventured to fet down the height 
of the barometer to ,0001 inch; but this is only the 
mean from three or four readings off. It feems that the 
heat of the tent was conliderably greater than that of the 
external air; this, however, can only influence the ex- 
panflon of the quickiilver, Ihewn by the attached ther- 
/tnometer, and not the prefliire of the atmofphere. 
Laftly, the true difference in the height of the refervoirs 
of the two barometers, by comparifon with A and c, was 
found equal 283 1.3 feet geometrically. 


Cot?*- 
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Compartfon of the firji feries . 
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Obfervations at the top of the mountain at c. 


Barom. N° 2* 
above at c 9 
In* Pts, 
25.7120 

CorreS for the diff.of the 1 ^ 

2 attached therm, 5 0 .g, j 

'Barometer at the top, 25.6958 
. below, 28.3951 


Therm. 

attached, 

78,0 


Therm, 

detached, 

05.0 


Log. 

Log. 


4098621 

4532434 


D ®SS feU ° £th 1 ‘^KSofLog. 433-8.3 

Corre£t for 29°.7 of heat, — — • 4 - 28.728 


Correct height in fathom. 


462.541 

x 6 


Height in Englilh feet by the barometer, — 2775.246 

Height by the trig, method, — — 2831.3 


Difference, or error of thebarsmeter jMlz, 


56.1 


Obfervations below at a. 


Barom. N° 1. 
below at A. 
In. Pts. 
28.3990 

Correct for the diff. ,1 
x>f the barometer, J 39 


Therm. 

attached. 

o 

72,2 


28.3951 


Therm. 

detached. 

73*9 

65 .cheat at c* 

69,4 mean heat of the air/ 
f Hand. temp, according 
29*7 I to Dr. HORSLEY. 


+ 29.7 difference, 
— ■ 


A detached thermometer in the tent ftoofjypt 7 a°# 


COM- 


Vol. LXVII. 


Z z z 
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Comparifon of ihe.fecond Series . 


Obfervation at the top of the mount at c. 


Barom. N° 2. 
above at c. 
In. Pts. 
27.7025 

Corred for the Diff. of j Q 
the two attached therm. J 5 

Barometer at the top, 25.6975 
. .. . . — . below, — 28.3901 


Therm. 

attached. 


Tlierm. 

■ detached. 


Log. 4098908 
Log. 453x669 


Difference, or fall of the \ , , _ f Lof , ,„, CI f approx, height k 

quickfilver, - J ^ 9 2b 1 M. of Log. 432-751 \ Engliflx fathoms. 


Corred for 28°,8 of heat. 


Correded height in fathoms. 


Height in feet by the barometer — « 

- — by the trig, method, — 

Difference, or error of the barometer iMw? 


+ 27.787 

460.538 
x 6 

2763.228 

2831.3 


Obfervation below at a.. 


Barom. N° i. 

Therm. 

Therm. 

below at a. 

attached* 

detached. 

In. Pts. 

0 

0 

28.2940 

Corred for the diff. 1 

of barometer, J 39 

28.3901 

71.6 

73.0 

64.0 heat at c* 

68.5 mean heat. 

39.7 ftandard temperature. 


4- 28.8 difference. 


A detached thermometer in the tent flood at 69°. 
Curing thefe obfervations the wind was S.W. ; the 
weather hazy,, accompanied, with a little thunder. 

Com- 
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Comparifon of the third feries. 


Obfervations at the top near c. 


Barom. N° 2* 
above at c« 
In. Pts. 
25.6900 

Correft for the difF. of the 1 
2 attached therm. i°.4, J 


+ 3 8 


Therm. Therm, 

attached. detached. 

G O 

69.7 62.0 


Barometer at the top, 25.6938 
- below, — 28.3896 


Log. 4098283 
Log. 453*593 


Difference, or fall of the 1 
quicldilver, - — J 
Corredl for 27°.5 of heat. 


2.6958 DifF. of Log. 433.310 
— — 4- 26.582 



Correft height in fathoms, — - — 459.892 

x 6 


'Height in feet by the barometer, — 2759-352 

——— by the trig, method, — - — 2831.3 

Difference, or error of the barometer T§M g> — 7 1 .9 


Obfervations below near to a. 


Barom. N° 1. 
below at a. 
In. Pts. 


Correft for the diff. 
of barometer. 


2S.3935 
} “39 


Therm. 

attached. 

o 

71. 1. 


28.3896 


Therm. 

detached. 

© 

72 -5 

62.0 heat at c. 

67.2 mean heat.- 
39.7 ftandard temperate. 


-J- 27.5 difference. 


A detached thermometer in the tent flood at 65°. 


Z z z a 


Thefe 
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Thefe obfervations then feem to prove that the baro- 
metrical rules were a little defective as to the true ratio be- 
tween the gravities of air and quiddilver, viz. in the 
value of an inch of quiddilver in the torricellian tube, 
expreffed in inches of the atmofphere with a given tem- 
perature. The firft comparifon gives for this error in 
defeat —19.8 feet in every 1000 feet; the fecond, 2-4.0 
feet; and the laft, 25.4 feet: the mean of the three is 
23.1 feet; and by fo much we may conclude that thefe 
rules, in greater heights alfo, will give the difference of 
elevation too little, viz. by ~ nearly (m K But it will be 
fair to make the experiment. 

(m) Left any iufpicion fhould arife o£ a difagreemenfc between the adfcual 
meafores taken by Mr. de lug and myfelf, I may obferve, that the mean refult 
of three obferations, which I made independently of each other on the height of 
the PItton or point c above the lake of Geneva, agree with the mean refult of 
Mr. be lug’s operation from the levelling and the quadrant, to lefs than twelve 
Inches ; a greater correfpondency than which cannot be- expefted : and this was 
the true reafon why I chofe the fame fpot he had pitched upon. 44 Le rochet: 
H ifitiy qui domine touts la montagne As a further confirmation, I compared his 
ftandard fleel rod of twelve Paris Inches, which his brother obligingly furnifhed 
me with* with my brafs one, and found twelve Inches on Mr, be Luc’s rule 
was on my rule, with 71° of heat, — — 12.784 Eng. inches. , 

_Gorr£&idh -for the difference of expanfiorx between!. , 

brafs and Heel with 16 0 of heat, — ~ J + °7 

Length of Mr. be luc’s French foot with 55% 

True length of the French foot (vide Phil. Tranf.) 

Error or difference from the true Paris foot ~ 


12.7847 

12.7890 

— ,0043 rr 


I 


The 
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The Mole is a convenient,' infulated mountain, 
fituated about eighteen miles eaft of Geneva, and rifing 
near five thoufand feet above the lake, much higher 
than any body, that I know of, has- ever made thefe ex- 
periments at,, with the- required precifion. On this fum- 
mitT determined to confirm or correct my difcovery, and 
communicated my intentions to Mr, .d.e saussure, a very 
ingenious gentleman of this place,., and well, /killed in 
various parts of natural and experimental philofophy, 
who gave me all the information neceffar.y,and obligingly 
promifed to accompany me, as did alfo Mr. trembley, 
ailiffcant to Mr. mallet, well known in the agronomical 
world. This expedition was undertaken in the latter end 
of- Auguft and beginning of September; I fhall here 
beg leave to fet- the reader, down at the bottom of the 
mountain, and flatter myfelf he will accompany me to 
the top. It was about five in the afternoon when we left 
St. Joire, a wretched little village at the foot of the moun- 
tain to the eaft, .and where we had dined in a molt mi- 
ferable auberge , preparing to afcend the.fummit on foot, 
being feven or eight in company, including, guides and 
fervants,,who carried my inftruments* proviiions, &c.; 
the former confiding- of the equatorial, the barometer, 
different thermometers, eledrical balls, an hygrometer, 
and a dipping-needle; together with another barometer 
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of Mr. de Luc’s conftrudtion, a variation-needle, a level 
belonging to Mr. de saussure, and a tent. Thus accou- 
tered we proceeded up an afcent, not however very fteep, 
for three hours and a half without intermiftion, the path 
leading in a fpiral kind of direction, very rugged and full 
of loofe pieces of rock that are brought down with the 
melting fnows, palling through romantic woods of fine 
firs and other trees, interfperfed here and there with a 
thin foil of excellent pafture. Before we arrived at the 
hut, where we were to fleep (for our intention was to lay 
upon the mountain that night, in order to have the more 
time the pext morning for our operations) having 
walked on a little too far before, we loft fight of our 
guides. We called feveral times, but were never an- 
fwered : — the night was now coming on; a kind of fog 
appeared, with finall rain; our fituation became fome- 
what embarrafling. We called again, but were anfwered 
by nothing but an echo, the place being a moft profound 
folitude. We began now to confider ourfelves as loft, 
Mr. de^s aussure-j though he had been feven or eight 
times before upon the mountain, found himfelf in doubt 
concerning the way; but after a Ihort dilemma thought 
it beft to proceed. We did; and now began to perceive 
at adiftance forae little huts or hovels indiftinftly : a few 
more fteps allured us we were right, and about nine 

o’clock 
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o’clock we had the good luck to find ourfelves at the verv 
hovel, where we were to reft that night. I own I now 
found rayfelf quite contented, though I did not at all 
know what kind of place I was going to enter. It proved 
to be a little hut made of boards, confifting of one apart- 
ment only, eighteen or twenty feet fquare, and about 
twelve high in the center, without any windows or 
chimney for the fmoke, except what was made by the 
holes in the roof, and the interftices between the boards 
at the fides, which were rudely put together, fcarce 
clofer than park-palings, affording an equal entrance to 
the wind, rain, and fnow; for as thefe hovels are inha- 
bited only for about four months in the fummer, .they 
are conftrudted without the leaft mortar or cement in 
the world ; an humiliating witnefs this, how fimple the 
architecture which nature and neceffity fuggeft. On en- 
tering we found a comfortable fire, and the little cabane 
inhabited by a couple of Alpine fhepherdeffes and their 
two cows,, on whofe whey and forne very coarfe bread, 
they wholly fublifted, not difcontenled but even proud of 
their, lot; and who, out of a fingular fpecies of contempt,, 
call the inhabitants of the plain mange-rotis, that is, eaters of 
roaft-meat. Their language too was different;. not French, 
nor Italian, but partaking fomething of both ; or, as I have 
been fince informed, a corruption, of the ancient Celtic... 
c Afew- 
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A few minutes after our arrival our guides rejoined us % 
it was now night, and, in this rather too artlefs habitation 
we were obliged to lay in a little loft over the cows, our 
beds fome leaves and clean hay, and my bolfter my port- 
manteau'^. I had had the caution to bring fome Iheets 
with me, and, being a little tired with my walking, flept 
five hours pretty foundly, though much ftarved, having 
no other curtains than what this wooden canopy afforded, 
through which the liars Ihone moil brilliantly. Between 
four and five we arofe; found the heavens beautifully 
ferene, and, having eaten fome of our provifions, left 
this habitation, which might be fituated about two-thirds 
of the way up the®mountain ; and beginning our march 
about half after five reached the fummit a quarter before 
feven; but not without a good deal of climbing, and 
lometimes up an afcent of near 40° for feveral hundred 
feet. One of my fervants, before he got half way, found 
his head turn round, and himfelf fo giddy, at the height 
and precipices (a frequent effefl in thefe fort of pl<; «) 
that he was obliged to return to the hut. In the 
afcent I faw the Sun riling behind one of the neigh- 

( n ) — — — — - ■ Frigida parvas 

Praebsret fpelunca domos, ignemque, Iaremque, . 

Et pecus, et clominos communi clauderet umbra; 

Sylveftrem montana torpin com fterneret uxor 
Erondibus t-t cu'mo, .jov, -Sat, vi. 


bouring 
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bouring alps with a raoft beautiful effe£t, and the iliadow 
of the mountain we were then upon extended fifteen or 
twenty miles weft. We had now reached the fummit; and 
there my curiofity finifhed in aftonifliment. I perceived 
myfelf elevated 6000 feet in the atmofphere, and handing 
as it were on a knife-edge, for fuch is the figure of the 
ridge or top of this mountain ; length without breadth, or 
•the leaft appearance of a plain, as I had expected to find. 
Before me an immediate precipice, a pic, of above 1000 
feet, and behind me the very fteep afcent I had juft now 
mounted. I was imprudently the firft of the company : 
the furprize was perfedt horror, and two fteps further 
had fent me headlong from the rock. 

On this fpot, with fome difficulty, we fixed the inftr la- 
ments, and commenced our operations, after fome time 
fpent in admiration at the profpedt, and familiarizing my- 
felf to the fcene. Before me, at fome diftance, was fpread 
the plain in which lay Geneva and the lake ; behind it 
rofe the Dole, and the long chain of Mont Jura as far as 
the fort La Clufe, which we entirely commanded, as well 
as fome of the country beyond it. A little to the left, and 
much nearer, lay Mont Saleve, which from this height 
appeared an inconfiderable hill : to the right and left no- 
thing hut immenfe mountains, and pointed rocks of every 
poffible fhape, and forming tremendous precipices. In the 

Vol. LX VII. 4 A . vale 



538 Sir george shuckburgh’s Obfervations 
vale beneath., feveral little hamlets, and the moft beautiful 
pafturages, with the river Arve winding and foftening 
the fcene ; from whence arofe a thick evaporation, col- 
ledting itfelf into clouds, which on the lake, that was- 
quite covered with them,, had the appearance of a fea of. 
cotton, . the Sun-beams playing in the upper furface of 
them with thofe tints that are feen in a fine evening. 
To the fouth-weft appeared the lake of. Annecy; be- 
hind us, taking up one-fifth of our horizon, lay the 
Glacieres, and amongft them, towering above all the reft, 
Hood Mont Blanc. The circumference of the horizon 
might be about 200 Englifh miles ; and, though not one 
of the moft extenfive, yet certainly one of the moft varied 
ih the world. From this fpot the clouds had a ftriking 
appearance to an inhabitant of the plain ; . very few of 
them at above one-fifth of the height that we were now 
at; not governed by the wind, but moving in every pof— 
iible direction ; feme of them feemed creeping along the 
ground, whilft others were riling perpendicularly be- 
tween the hills. And I may here remark, that from 
Geneva 1 have obferved the clouds were generally three 
clays in the week below the fumrait of Mont Saleve; fo 
that the ordinary region of thefe vapours iecms to be at 
that height in the atmofphere, where the barometer 
would ftand at about 26 inches in this climate. 


7 
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While at the top of the Mole, I was very fenfible of 
the cold, there being a brifk wind, which, though fouth, 
came over the mountains of ice, and was verv keen; 
infomnch that, about two hours after I had been there, 
I nearly loft the ufe of my fingers, and found my lips 
much affedted and parched from the tranfition, havino- 
been a good deal heated in afcending with two waiftcoats 
and a great coat on. The thermometer, however, when 
I firft mounted, flood no lower than 48°. I muft here 
afk pardon for this long digreffion, which I have ven- 
tured to tranfcribe from my journal written upon the 
ipot. 

To return then to the obfervations. After what has 
been faid refpedting thofe on Mont Saleve, it will fuffi.ce 
here to mention, that by repeated meafurements I de- 
termined the horizontal length of the bafe 1, 2 (fee the 
chart) to be = 1250 ft. 3. pinch; the z. at 1 = 95° 37' 28"; 
/- at 2 = 77 0 48' 53"; and the z. at 3 = 6° 33' 49'b The 
mean corredted angle of elevation of 3 from 1 
= 2i° 29' 34"; ditto of 3 from 2=21° 3' 41"; andlaftly* 
the elevation of 2 from i=o° 47' 24A 


4 A & 


Thefe 
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Feet, 

Thefe obfervations give for tlie length of the fide i, 3, — 20691.9 

— ~ — — 2, 3 9 — 10886.7 

Height of 3 above x , ™ — — 4212.8. 

— 3 above 2, — * — 4194.8 

— — 2 above 1 > — — — 17.51 

And confequently, 3 above 1 deduced from the obfervation at 2$ — 4212.0 

And laftly, the mean height of 3 above 1 from the determination at 1 , 
each cud of the bafe, & - - - ] 42124 

The difference in height, however, between the two 
barometers was only 421 1,3. feet. 

Here follow the barometrical obfervations r °\ and their 
reduction*. 


( 0 ) Made between the hours of eight and twelve, in the open air and not in 
the tent, which could not.be pitched on accout of the fmallnefs of the plain at 
the lummit j a brifk fouth wind, but fair. The barometer was fcreened by an 
umbrella* 


Com * 
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Comparifon of the firft feries on the Mole. 
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Obfervation at the tap at 3. 


Barom. N° 2 
above at c s 
In. Pts. 
24* 1 43 7 

Corre&'for the Diff of the 1 gg 
two attached therm . 3 0 . 4, J ^ 


Therm, Therm, 

attached, detached® 

57*0 54*8 


Barometer at the top, 24. 1525 

below, ~ 28.1253 


Log. 3829621 
Log. 449 ° 97 i 


Difference, or fall of thel 
qnickfilver, — j 
Correct for i8°,6 of heat, 


3.9728 Diff. of Log. 661.350 
— — + 27.431 


Cor refted height in fathoms, — — - 688. 781 

x 6 


Height in feet by the barometer — - 

by the geometrical meafurement, 


4132.686 ' 
4211. 3 


Difference, or error of the barometer. 


■ — 78.6 — 


Obfervation- below at i. 


Barom, N° 1. 

Therm. 

Therm. 

below 'at 1, 
In. Pts. 

attached. 

detached* . 

28.1295 

60.4 

6°i.o , 

3 orre& for the diff 1 A 

54.8 heat at 3*. 

of barometer, J 


58.3 mean heat; 

28.1253 


39.7, ftandard temperature*- 

4- 18.6 difference* 


Cbm- 
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Comparifon oS the Second Series, 
Obfervation at the top at 3. 


Barom. N°n. Therm. Therm. 


above at 3. 
In. Pta. 
24. 1 420 

Cor reft for the diff. of the 1 

two attached therm. 3°.5, J 1 y * 

attached* detached* 

5° 6 -9 5° 6 -° 

24.1511 

28.1258 

Log. 3829369 
Log. 449x049 


Difference, or fall of the \ 

quickfilver, — J ^*9747 

Correft for i9°,2 of heat, — 

Diff. of Log. 661.680 
— + 28.330 

J" approx, height 
1 fathoms. 

Correft height in fathoms, — 

— 60O.OIO 

x 6 


Height in feet by the barometer, 
—— — by the geom. method,- 

— 4140.06 

— 42x1.3 


Difference, or error of the barometer, — 71.2 zr 


Obfervation below at 1. 


•of barometer. 


Barom. N° x. 

Therm* 

Therm. 

below at 1. 

attached* 

detached* 

In. Pts. 

O 

© 

28.1300 

60.4 

61.8 

ff.l 

I —42 


56^0 heat at 3. 

J 


38.9 mean heat. 

28.1258 


39.7 ftandard temperature* 


19.2 difference. 
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Comparifon of the third Series. 

Obfervation at the top at 3. 

Therm. Therm, 

attached* detached. 

o o 

56.0 56.0 

G57-5 0J 


Log. 3834509 
Log. 449 * 35 8 

r , of Log. 656.849 
+ 29.0 

Gorreft height in fathoms* ~ 685.849 

x 6 


Height in feet by the barometer, — 41 15.094 

— — — by the georn* method, — 42 1 j . 3 

Difference, or error of the barometer, — 9O.2 ==. 


f Approx, height 
l in fathoms. 


Barom. N° 2. 
above at 3. 
In. Pts. 
24.1670 

Correft for the diff. of the 1 f 
two attached therm. 4°9. J " r 


24.1797 

28.1278 


Difference, or fall of the 1 0 rv. 

quickfilver, J 3*94 1 1 

Correft for 19° 8 of heat, — - 


Obfervation below at i . 


Barom. N° 2. 

Therm. 

Therm. 

below at 2. 

attached. 

detached. 

In. Pts. 

0 


28,1320 

60,9 

63.0 

Gorreft for the diff. 1 
of the barometer, j 


56.0 heat at 3. 

28.12“8 


59,5 mean heat. 

39.7 fiandaid temperature. 



19.8 difference. 


(p) In this column for t'k. detached thermometer at the top of \ 

in this and the following observations, are in fort ed two numb;: ». ,1 c m or cus 
exprelling the heat in the Ihade; and the I ewer one, whh r‘A ruT 3 :* l end, 
the heat in the Sun, The cementation, is made from the b-.ner; 

this may feres to the dhilrim:., t 1 
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Comp&rifon of the fourth Jerks , 


Obfervation at the top at 3. 


Barom. N° 2. 
above at 3* 
In. Pts. 
24.1780 

' Correft for the cliff, of the 1 ^ 

two attached therm. 4°6, j ° 


Therm. Therm, 

attached* detached. 


o o 

57.2 56.0 

057-5 


24.1899 Log. 3836341 

28.1318 Log. 4491976 


Correft for 20°.3 of heat, — — • 

' 6 S 5.635 pS££* , “ 

+ 29 678 

Correct height in fathoms, •— — 

685.3I3 
x 6 

'Height in feet by the barometer, — 

« — — ~ — ——— by the geom. method, — 

4111.878 

4211.3 

Difference, or error of the barometer, 

— 99-4 = rUi-a. 


Obfervation below at i. 


Barom. N° 1. Therm* 

below at 1. attached. 

In. Pts. 0 

28*1360 61.8 

Correft for the diff. 1 
of the barometer j 


28.1318 


Therm. 

detached. 

6 3-9 

56*0 heat at 3. 

60.0 mean heat. 

39.7 flandard temperature. 


4- 20.3 difference. 


Cm- 
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Comparifon of the fifth feries . 
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Obfervations 

at the top at 3, 

Barom. N 3 2. 

Them. Therm. 

a t 2 . 

attached* detached* 

t i 

It J84O 

0 0 

5S-6 57*° 

Corred for the diff of the 1 

2 attached thenn. 2°.S, j /0 

0 59-3 

24.1913 

Log. 3 8 3 6 592 

28.130s 

Log. 4491820 


Difference, or fall of the 1 
quickfilver, j 

Correct for 2Q°.8 of heat. 


3.9395 DifF. of 



+ 3 °- 39 * 


approx, height 
fathoms. 


in 


Coned height in fathom, — — 686.619 

x 6 


Height in feet by the barometer, 

by the geom. method. 


4 ii 3 ’ 7 i 4 

4211.3 


Difference, or error of the barometer. 


97-6 — - Tc“ST5tr* 


Obfervations below at i. 


Barom. N° I* 
below at 1. 
In. Pts* 
28.13^0 

Cor red for the diff. 1 
of the barometer, j 


•42 


Therm. 

attached* 

624 


28.1308 


Therm. 

detached. 


64.0 

5 7.0 heat at 3. 


Co. 3 mean heat. 

39.7 ftandard temperature. 


Hh^o.S difference. 


Vol. LXVIL 4 B 


C0i- 
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Comparifon of the Jixth feries^ 
Obfervation at the top at 3* 


Barom. N° 2. Therm. Therm, 

above at 3. attached, detached. 

In, Pts. 


24.x QOO 

Correa for the diff. of the! 
two attached therm. 1 °6, J + 4 E 

61.0 57.0 

© 60,0 

24.1941 

28.1268 

Log. 3837093 
Log. 4491204 


Difference, or fall of the\ „ . „ rT , 

quickfilver, J 3-9327 Di£ of Log. 654. 15 7 

Corredion for 20°6 of heat, — * — -f 30.048 

/ approx, height m 
1 fathoms. 

Correct height in fathoms* — 

— 684,137 

x 6 


Height in feet by the barometer, 

by the geom. method 

— 4104.942. 

— 42H-.3 


pifference* or. error of the barometer* 

— 106.4 = 

T§Mff» 


Obfervation below at i* 

Therm. Therm-, 
attached, detached. 

6a. 6 63.6 

57.0 heat at 3. 

60 3 mean heat. 

39 7 ftandard temperature 


To 


Barom. N° i* 
below at 1*. 
In. Pts. 
28.1310 

Correfi for tie cliff. I 
of tie barometer. I 


28.1268 


20.6 difference,, 




which agrees within two feet in a thoufand with the de- 
termination on Mont Saleve. This refult then juftifies 
my condulion (in p. 556.) and proves that either the 
proportional gravity of air and quickiilver is now dif- 
ferent from what it was, when M. de luc made his 
experiments, viz. from 1756 to 1760; or that his or 
my obfervations are defective. That my trigonometrical 
meafurements were fufficiently exadt, viz. to within two 
or three feet, I think I have already iliewn ; and even that 
his were alfo. Within what limits my barometrical er- 
rors are to be found is not difficult to determine from 
what has been before premifed. That the fcale of Mr. 
DE luc’s barometer was lefs accurate than mine, is, I 
think, without a doubt ; and indeed he never attempted 
a divifion lefs than ^th of a French line, or about 

4 B s of 
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of an inch Englifh i and yet when I confider the number 
of his obfervations, and the unexampled diligence and 
care with which he made them, I am obliged to attribute 
the difference of our refults to fome other caufe than that 
of inaccuracy. If then future experience fliould demon- 
strate, that the denfity of the atmofphere with a given 
heat is invariable, or nearly fo ; while the preffure of a 
whole column of it continues the fame, we may perhaps 
fearch for the caufe of our difagreement from hence 

$ 

viz. the barometers of Mr. de luc were not fufficiently 
neai each other in an horizontal direction : mine were 
feparated from two to three miles ; and his, I believe, at 
double or triple that diftance. It may be fufpe&ed, I am 
well aware, that the fyphon conftru&ion of Mr. de luc’s 
bai ometer might occalion this difference : let us lee whe- 
txiti this oe the cafe. Mr. de saussure (whofe inftru- 
ment was of Mr. de luc’s conftru&ion, and made, as I 
underftood, under his infpe< 3 ion} obferved at the top of 
the Mole, or at leaf; nearly on the fame level with my 
barometer,, as follows 


And 
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Barometer 

Therm attc-ckei. 


In, L. i6tk$» 

r>£. Luc s 'ca'.c. 

RSAi" feds* 

2280 

4-1° + 

+ IO°- 

And in Engllfh meafure and fahren- | 




heit’s fcale, — — J 

[ 24-157° 

5^ 

54-2 

Mr. de saussure’s barometer ordinarily] 




Hands higher than mine N 6 2. by ( 1 ), j 

r — .0117 



Correct for the diff of our attached ilierm. i u 

, 4- 26 



Mr. de saussure’s barometer corrected^ 

24-H79 



My barometer K c 2 . fee the firft ieries^ 

24 1437- 

57 

S4.8: 

Difference^ — ~ 

+ -0042 wholly inconfiderable. 


Our barometers may therefore be faid to have agreed, 
exactly. 


Mr. de saussure made a fecond comparifon juft 
before we left the top of the mountain, which proved as 
follows. 


Barometer 

In. L. s6ths. 

Therm, attached* 
he Luc’s fcale. 

Therm. 

detached. 

22 8 8 

+ 4 0 

+ iij® 

Or reduced to Englifli meafure and icale, 24.2014 
Mr. de saussure’s barometer Hands 1 

higher than mine N° 2. — j — . 1 17 

Corr. for the diff of our attached therm. — ,00 1 8. 

6 1,. 7 

57-9 

Mr* de saussure’s barometer correffed, 24*1879 

My barometer N° 2. fee the fixth feries^ 24.1900 

61.0 

57 

Difference, — — — 00021 



So that, in the firft comparifon, his barometer 

at the 


top of the Mole flood higher than mine by + ,004 inch; 
and in the laft, lower by -,002 ; the. mean is higher by 


(q) This we found by comgarifons at the bottom of the mountain. 

+,pai 



550 Sir george shuckburgh’s Obfervatbm. 

+ ,ooi, equal to about 10 inches in. deducing the height 
of the mountain, a quantity wholly to be negledted. 
Finally, the mean of Mr. de saussure’s obfervations 
gives the defedt of Mr. de luc’s rules 21.9 in athou- 
fancl. The conftrudtion of the barometer had therefore 
no influence on this difference. But further, while Mr. 
de saussure obferved the height of the barometer on 
the Mole, Mr. de luc, the brother made a correfponding 
obfervation with a fimilar inffcrument at Geneva. I fliall 
relate this obfervation, computed after Mr. de luc’s 
manner. 


Mr. 
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Mr* BE saussure, at 4 feet -j 
below the fummit of the > 
# Mole, — J 

Mr. de saussure’s barom.n 
Hands higher than Mr. be > 
lug’s ordinarily by, 
Thermometer attached 4 


Mr. de luc, 78 feet above 1 
the lake, — J 

Therm, attahced +6°, 


In* 

L. 

x6tts. 




22 

8 

c 






4 

7I 


Heat of 

the air. 




of 



/ ~* A 

— — 

8 


ifiths of aline* 

Log. 

BE ATJM. 

Therm. 

be luc’s 
Therm. 

22 

o| 

=43524 

6387587 

4 10 

— 15 ! 

27 

0 

0 






~ 

6 





26 

11 

10 

= 5*7 8 

m » m 

714x620 

4x5 

— 4 


Difference of the Log. 

i cc 

Correft height in French toifes, 


i9°|x2A£i|i zz the correction for the temperature. 


754*°33 Sum — igf 

-14.854 


739**79 
x 6 


Height in French feet, — ~ 

Mr. de lug’s barometer above the lake of Geneva, -478* 
Mr. de saussure’s barometer below the fummit of 


the Mole, — — — ■ 

And confequently, the fummit of the Mole above 
the lake, in French feet, — — 

Which reduced to Englifh feet is, — — 

But, by a mean of my trigonometrical operations, 
this height is ( vide chart) ■ — — 

Difference, or error of the barometrical rules,, 


f } 

} 


4435-074 

+ 78. 

+ 4- 


45 1 7* 
48 14* 
1 4883. 


-69. 


T^STT* 


This laft obfervation ferves at leaft to ihew, that the 
error I am contending for. is on the defective fide, though 
it gives the quantity of it fomewhat lefs, but by no means 
deferves that confidence which the other comparifons do; 
for, befides that this fingle obfervation may be concluded 

•.lefs 
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Ids dccifive, the trigonometrical meafurement is alfb lefs 
accurate from the diftance ; and, laftly, to fuppofe the 
ftate of the atmofphere precifely the fame with refpedk 
to weight in two places twenty miles afunder, is, I am 
afraid, a pojiulatum too hazardous to grant. I therefore 
fay, that all theft obfervations confirm the fame truth, 
that the atmofphere is lighter than Mr. de luc prefumed 
it. What had already been done may feem fufficient for 
the eftablifhment of this faff; for I have always held, 
that a few obfervations, well made and faithfully related, 
do more in the interpretation of nature, than a multi- 
tude of crude, carelefs, and immethodical experiments. 
But I have not done: I wilhed to put this matter out of 
all doubt, and accordingly undertook another expedition 
to the fumpiit of Mont Saleve, on the 1 8th of Septem- 
ber, and in a colder temperature : the experiments then 
made, with their refults, were as follows : 

The difference of a£tual height by the two barometers 
was 2828.9 feet, the barometer N° 1. handing higher 
than 1NP 2. by +,0038 inch, when compared at the bot- 
tom of the mountain. 


Com- 
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Comparifon of the JirJl feries. 

Obfervation at the top of Obfervation at the bottom, 
the mountain. 

Barom. N° 2 . Therm* Therm. Barom. N° t. Therm* Therm 

at the top* attached. detached. below* attached* detached 

O O o O 

25-6533 58-0 56. a j 28.4040 58.1 58.8 

Feet. 

This gives for the height barometrically, 2755.6 
But the true height was, — 2828.9 

Difference, or error of the barometers, -7 3. 3 
Comparifon of the fecond feries . 


Obfervation at the top of Obfervation at the bottom, 
the mountain. 


Barom. N 0 2, Therm* Therm. 

Barom. N° i. 

Therm. 

Therm, 

at the top. attached. detached. 

below. 

attached. 

detached. 

Xu* 0 0 

Ih. 

\° 

0 

25-6.55° 56.2 57.0 

28.4040 

5 8 -5 

60.8 



Feet* 


This gives for the height barometrically, 2754.9 


But the true height was, 


2828.9 

1 : s', 

Difference., or error of the barometers, 

-74.0: 

'll 1 1, > 

^ 2.6s 

IOOO«* 


4 c .Cm 


Vol. Lxvn 
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Comparifm of the third Jeries. 

Observation at the top of Obfervation at the bottom, 
the mountain. 


Barom. N° 2* 

Therm, 

Therm. 

Barom. N°i. 

Therm. 

Therm* 

at the top. . 

attached* * 

detached. 

below. 

attached.. . 

detached* 

In, 

■ ■ 0 

1 0 

In. 

0 

0 

1 5.6620 

56.2 

57 -a , 

28.4040 

59-3 

Feet* 

6 2. o\ 


This gives for the height barometrically, 2748.9; 
The height by the trigom method- was, 2828.9 


Difference, or error of the barometers, — 80.0 .. 


Comparifon. of the fourth Jeries. 


Obfervation at the top of 
the mountain. 


Obfervation below. 


Barom. N° 2 . Therm. Therm. . Barom. N° i. ~ Therm* ** Therm* 
atthe top. attached* detached. below* attached* detached. 

©. o o o 

25.6600 56.4. 57.4 28.4040-- 59.3 ' 62.2 


This gives for the height barometrically, 2752.8 
But the trueheight was, — 2828.9. . 

Difference, or error of the barometers. -76.1 =r 

' * * IOOOO* 


In thefe comparifons I have not inferted the whole of 
the computation, as that may eafily be .made by any 
perfon at ieifure. Finally, the mean of 'thefe Tour laft 

; feries 
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fcries gives for the error on i-ooo feet, a 6,8. 1 think I 
have now fhewn, -that the error actually exiles; it re- 
mains that we determine precifely the quantity of h < 
For this purpofe it will be proper to collet all the pre- 
ceding obfervations in one point -of view. 


Table of the refult of all the barometrical experiments. 


Place of observation 


True height Height by j-Mean Erior m Error in Mean ermTToi 
‘rigonometri- the barome- heat. xeet, r coo feet. 1000 fset. * 
caliy. - ters. | 


Mont Saleve, 


At the Mole, 


Mont Saleve, 


2831.3 


4211.3 


2828.9 


, u 

2775.2 69.4 — 56.1 — 1 

2763.2 68.5 — 68.1 —2 
2759 4 67.2 — 72.9 — 2 
4 i 3 2 -7 58-3 — 78.6 —i 

4140.1 58.9 — 71.2 — j 

41 15. 1 59.5 — 96.2 — s 

41 1 1.9 60.0 — 99.4 — 2 

4113.7 60.5 — -97.6 — 2 

4104.9 60.3 xo6.i — 2 
2755-6 57.5 — 73-3 —2 

2754.9 58-9 — 74-0 —5 

2748.9 59.6 — 80.0 — 2 

2752.8 59.8] — 76.1 — 2 


Mean of all, 23.6, and the temperature 6.1' 


ole, from two ob- -j 

ons of Mr. de > 421 1.3 

LIRE. J 


The Mole, from two ob- -j 
fervations of Mr. be > 

SAUSSURE,' J 

The fame by Mr. be-j 
SAUfistiRE, and Mr. be > 
tuc. at Geneva. J 


According to Mr, 
de Luc's own 
obfervattoaSyfee 
Recherches fur 
V Atmofph ere j 


the Mole, 
the Dole, 
the Buet, 
M c Blanc, 


4211.3 


• 4883. 

4814. 

4882.8 

4860. 

4292.7 

4210. 

8893.6 

8770. 

14432.5 

nogs*. 
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The titles of the columns are fufficiently clear to make 
a farther explanation of this table unneceftary; and it 
appears, I think inconteffcably, upon taking a mean of my 
thirteen obfervations (and I fhall here confider only my 
own) on Mont Saleve and the Mole, that this error is 
about 234 feet on every thoufand; that is, the rules of 
Mr. de luc give the height by fo much too little. At 
the bottom of the foregoing table I have fubjoined fix 
other comparifons, fome of them from Mr. de luc’s 
own obfervations, as recorded in his valuable work; 
which however -I mull add, are certainly of lefs author 
rity in this inquiry, as they were made with barometers 
a great way difiant from each other, viz.- near thirty 
miles: befides which, the geometrical heights are, for: 
the fame reafon, not fo accurately afcertained. I have, 
however, ventured to make what ufe I could of them, 
viz. to fhew that thefe two give a refult on the fame 
fide, though not exactly the fame ; and. to urge the ne~ 
ceflity of a certain vicinity in thofe obfervations from 
whence a theory is to be deduced. 

Shall I be permitted to adduce another proof,' in con- 
firmation of what has been advanced? When I firft took 
up fixe confideration of meafuring altitudes in the atmo- 
fjphere with the barometer, and had heard only of Mr. 
i>e Lire’s labours, it occurred to me, that there was a 
6 much 



in order to af cert am the height of Mountains. 557 
much more fimple method of arriving at this theory, 
than either he or I have fince purfued. It was this; to 
determine hydroftatically the ipecific gravities of air r d 
and quickfilver, with a given temperature and preffure; 
the increafe of volume, or change of gravity, with a 
given increafe of heat being fuppofed to be known by 
the experiments of boerhaave (s) and hawkesbee u '\ 
which might be farther examined by fimilar ones; and 
prefuming that the geometrical ratio in the air’s denfity, as 
you advance upwards from the earth’s furface, had been 
fufficiently demonftrated^. For the proportional gra- 
vity of quickfilver to air will exprefs inverfely the length 
of two equiponderant columns of thefe fluids, that is, 
when the columns are taken infinitely finafi/A With 

thefe 

(r) It may feem particular that I fhould propofe an experiment fuppofed to 
be very well known, and which hardly any elementary treat! fe on chemiftry or 
experimental philofophy will not furnifh us with an example of; the weight of 
a given quantity of air. boyle, halley, hawkesbee, hales, each of 
them have tried it, and many others fince their time: but the misfortune is, all 
thefe experiments have been but grofs approximations, without due attention to 
the heat ; and yet the determination of haw icesbee feems to have been followed 
by one-half of Europe in Pneumatical refea.rch.es* Indeed I only know of one 
experiment that has the leaft title to precifion, and that is Mr*, caven- 
dish’s, briefly related in tbeLVlth volume of the Philofophical Tranfafiions* - ^ 

(s) Elementa Chemise. 

(t) Phyfico-mechanical Experiments. 

' (u) cotes’^ Hydroftat. Leftures, et alibi* 

(x) lam not forty to anticipate the reader’s remark here, that this obfer- 
vation is not new; fince I find that I have been, treading j the feme fieps with r 

Mx* * 
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thele ideas I made the following experiment. I caufed & 
gl'afs veffel to be ..blown iomething like a Florence flallc, 
on rather larger; to the neck' of this was adapted a brats 
cap with a valve opening outwards, and made to fcrew : 
Gti or off, together with a male fcrew, by which it was 
■fixed to an excellent pump of Mr. nairnk’s conftrudtion, 
and, exhausted of its air, or at leaft ratified to a known 
degree : the veffel was then carefully weighed with a 
ienfible balance, and again after the air was re-admitted ; 
the difference gave the weight of the air that had been 
exhaufted. After having repeated this two or three 
times, the veffel was exactly filled with water as far as 
the valve, which had been the term of capacity for the 
air;. this was done by. fcrewing- on' the cap till the fuper- 
fluous water oozed all out, and upon inverting the veffel 
there appeared not the leaft fign or bubble of air; 1 
therefore concluded, that the volume of water was pre- 
cifely the fame as had been the volume of air, a circum- 
ftance that fhould be accurately attended to. It was then 
carefully weighed, and compared with its weight when 
full and deprived of its air. It will readily be feen, that 
I had then the fpecific gravity of the two fluids, upon 
fuppofition' that the figure of the glafs had not altered 

Mir. boyle and Dr. halley, who both madeule of this method j the one with 
a view to determine the limits of the atmofplierej and the other the height, of 
^jiowden* 
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hy preffure during the experiment; and this effect mav 
be prefumed to have been the moft feniible, when the 
veffel was filled with water, the preffure at that time 
being from within. To affure myfelf of this, I let in a 
fmall quantity of air, which formed a bubble of about ■ 
one-third of an inch in diameter, and upon.immergi.no- 
the glafs in another .veffel, of water, whereby the pref- 
fure within was counterpoifed by a preffure without, the 
bubble feemed to contract itfelf by a quantity, as I found 
afterwards, equal to about, two grains in weight, or 1 

' # 0 7 gOOO 

of the whole contents. I therefore concluded, that this 
correction was hardly worth taking notice of, and ffill 
lefs the effeCt from external preffure when the glafs was 
exhaufted. At every operation the height of the baro- 
meter and thermometer (placed dole to the veffel when 
the air was weighed) was noted- down, together with the 
height of the pump-gage, which, compared with, the, 

1 Vtj 

barometer in the room, fliewed the quantity exhaufted. ’ 
The refult of the experiment was as follows, the baro- 
meter in the room Handing at 29,27 inches, and the 
heat of the room 53 0 . . , : 
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Feet . 

Tke bottle empty or exhaufted till the gage flood at 29.. 15 inches] 

weighed (determined from four different tnais, and the balance r* 2657,40 
turning with tV of a grain) — — — J 

Increafe of weight when filled with air. from four trials certain 1 , , 

to A of a grain - — - j + i6 * i 3 

Bottle filled with water, whole heat was 51 0 , — — - 16220*00 

Weight of the water, exclufivc of the bottle, — — 13562.60 

But the bottle was exhaufted only in the proportion 
of 2,9.15 inches to 29,27 inches; therefore if a perfect 
vacuum could have been made, the difference of weight 
would have been 16.22 grains inftead of 16.13 grains. 
Again, the water was* colder than the air by 2 0 ; the one 
being 53% and the other only 51 0 : now water, from 
former experiments, I find to expand about with 
2° of heat; therefore, if the water had been of the fame 
temperature with the air that was examined, the w r eight of 
an equal volume would have been only 13558,5 grains ; 
and laftlv, 13358.5 divided by 16.22 gives 836 and 
by fo much is water heavier than air in thefe circum- 
ftances. 

(y) hawkesbee’s experiments made the air 850 lighter than water, the baro- 
meter being at 29 7 ; and Dr, halley fuppofed it about 800, Mr, caven- 
dish, in weighing 50 grains of air, when the barometer was at 29I, and the 
thermometer at 50°, concluded the fpecific gravity of air to be about 800 alio. 
Now my experiment, reduced to the fame circumftances with his* would give 
817 for this gravity, no great difference in an affair of fuch delicacy. 


By 
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By former experiments I find the fpecific gravity of the quick- 
fiiver of my barometers, compared with rain-water in 68' > to 

of heat, as, — — — — J 0 

And 68° — 53°rri5°, correct therefore for I c° of expanfionofl . 

quickfiiver, — — — / +‘° l8 

Correct for 15 0 of expanfion of air, — — . — ,031 


True ipecific gravity of quickfiiver, with 53° of heat, 

Which multiplied by the fpecific gravity of air, ~ 

Gives for the comparative gravity of quickfiiver and air, when*' 
the barometer is at 29,27, and the thermometer 53 0 , — j 


I 3*594 


11364.6 


Feet* 

And laflly, -A-tli of an inch of quickfiiver, when the barometer {lands at 3 
29.27 inches ( viz, from 29.22 inches to 29.32 inches) with the tern- > 94,7 
perature 53% is equal to a column of the atmofphere of, 1 — > J 

This quantity, according to my barometrical obfervations, is, — 93*83 

— Mr. de lug’s rules, — — 91.66 

We fee here then that the ftatical experiment agrees 
with the refult of my barometrical ones to within about 
1 1 inches in ioo feet, and I am not fure that it is not 
hill capable of much farther precifion ; and though per- 
haps alone it might carry with it, to iome perfons, a lefs 
conclusive teftimony, who reluctantly reafon from the 
little to the great, yet, in conjunction with what has been 
before ihewn, I think it has confiderable weight; and I 
am the lefs inclined to rejeCt fuch an indirect method of 
proof, as I have the great authorities of hallbt and 
newton on my lide^. 

I have 


(z) u Ce qu’ily a d’effentiel a obferver ici,” fays Mr. BE ivc, “ et vrai- 
(< ment digne de remarque, c’eft que par la feule connoifiance des pefanteura 
t( fpecifiques de Fair et du mercure, halley eft parvenu a une regie tres 
Vot. LX VII, 4 D “ appwchante 
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I have thus endeavoured to fhew then that the error* 
of the theory is - when the temperature of the 
air is 61 “.4 (fee the table of ' the refult of the obferva-- 
tions). It remains therefore, finally, that- we deduce 
rule, the error of which fhall be nothing, viz. to find 
the temperature wherein the difference of the loga- 
rithms of the heights of. the barometer, taken .to four 
places of 'figures, will give the true difference of eleva- 
tion in> Englilh fathoms. Previous to this inveftigation ? \ 
with which I intend to conclude this paper, it will be.ne- 
ceffary to remark, that by repeated experiments with the 
barometer, I find a fmall difference in the equation, for 
the expanfion of air by a -change of temperature, and , 
even in that of quickfilver from the fame caufe, from, 
what Mr. de luc’s obfervations have- given it^. I fhall , 

** approchante de celle, quMn grand nornbre d’obfervations du barometre dans 
<c les Cordelieres ont -didte depuis a M. *BQ.tfGUER : cependant rnalgre I’appui , 
“ que ces experiences fe pretent reciproquement, on verra qu’elles etoient encore 
<c blen eioignees de fournir one regie generale. 5> f Reehcaches fur FAtmofphere> 

(a) He indeed made Ms experiments . on the atmofphere Itfelf with the 
barometer, in order to determine the variations of its denfity; but fince ft- 
appears that the abiblute; denfity of? this fluid is different from what -he* iup- 
pofed it, it is no bold conje&ure to prefume that the degree of its variation 
fhould be different alfo; and to afcertain this point, I have preferred the 
anifoument above-mentioned to the method ufed by Mr* de luc, how direct 
foever his may feem; for in determining minute quantities or equations, we 
snuft not embarrafs ourfelves with the compound effeft of too many caufes at a 
-time* 

not 
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not here trouble the reader with the experiments at 
large, too Ample in themfelves to deferve fiich a detail, 
unlefs a future occafion fhould render that neceffary, as 
the methods here ufed may be met with amongft 
HAWKES bee’s or Mr. boyle’s experiments; and content 
myfelf with relating only the refult of the different 
trials. 

1000 parts of air of the temperature of freezing and 
preffure of 30^ inches, increafed in volume by an addi- 
dition of 1 degree of heat on Fahrenheit’s thermo- 
meter as follows; 




Number of de- 

Expanfion for i° 


Obfervations. 


grees the air was 
heated. 

in ioooths of 
the whole. 



'* 1 

0 , 

I4.6 

2.30 




2 

32.2 

2.43 




3 

4°' 3 

2 48 



With the firft < 

4 

46.6 

2.45 


Mean from the firft 

manometer^ 

s 

49*7 

2.48 


manometer 2.44* * 


6 

51.1 

2.51 




7 

2 3-7 

2.36 




. 8 

13.1 

2.24 

u 



' 9 

22.0 

2.38 


1 

With another 

10 

28.0 

2.50 


f Mean from the fecond 

manometer* < 

11 

21.5 

2.34 


> manometer 24s ' 


12 

30.1 

a.44 

i- 


1 

Ln 

22.6 

2.44 

J 



The 
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The mean of thefe two forts of obfervations, made 
with different instruments, is 2.43, viz. 1000 parts of 
the air at freezing become by expanfion from i° of heat 

Pts. Pts. 

equal 1002.43 or 1002.385 with the ftandard tempe- 
rature 39*. 7. Mr. de lug’s experiments reduced give 

PtS„ 

this quantity equal 1002.23^ (fee Tranf). It may 
be imagined, that I Ihould have had a more accurate con- 
clufion by making thefe obfervations in greater dif- 
ferences of temperature than what is fhewn in the fe- 
cund column of the above table; but it did not appear 
lo to me. On the other hand, I found that it was abfb- 
lutely neceffary that the fame heat Ihould be kept up for 
iome hours together, in order that I might be fure that 
the air within the inftrument, the giafs tube that con- 
tained it, and the air without it, all had acquired the fame 

4 

(b) It lias generally been fuppofeci* tliat air expands with each degree of. 
the thermometer* commencing from the mean temperature 55 0 ; and, in confe- 
rence of this* aftronomers have computed tables for correcting their mean.’ 
refraCtions- ; but, upon reducing the refuit of my obfervations to the temperature 
5 5°* we {hall have the correction of the refradion for 2° zr icWr? =or* 

^ Now according to Mr. i>£ luc this equation , 5 s t#/At zr which would" 
produce a difference o£ about 4" in the correfied refraSion* upon an altitude of 
* 5 °) wkh the temperature 35 0 * If my numbers may be fuppoled .to deferve equal- 
confidence* die error of the tables in common ufe* in the above circurnftances, 
would amount to only half that quantity* and therefore probably will be 
thought fear-ce worth correCt teg* I bmm mentioned thk in- or dear to obviate the* 
<x3&clafioks .that have been by fen® fcrfa&s fkro Ms«de ifuc’s theory. 

■ ' . uniform- 
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uniform temperature, which in my room I found not 
very eafy to effect in heats greater than 70° or 8o°. 1 
have therefore preferred repeating the experiment with 
finall differences of heat ; but fuch, however, as will in- 
clude almoft all the temperatures in which barometrical 
obfervations are likely to be made, viz. from 32 0 to 83°, 
It has been fufpedted, in confequence of fome experi- 
ments made by a very ingenious member of this Society, 
that air does not expand uniformly with quickfilver; or 
that the degrees of heat fhewn by a quickfilver-ther- 
mometer would be exprelfed on a manometer, or air- 
thermometer, by unequal fpaces in a certain geometrical 
ratio. I do not deny this propolition ; but I have alfo 
very little reafon to aflent to it, if I may truft my own 
experiments, which certainly evince that this ratio, if 
not truly arithmetical, is fa nearly fo as to occafion no 
fenfible error in the meafuring of heights with the ba- 
rometer; and that is all I contend for. The fmali dif- 
ferences that are feen in the above table of this expan- 
sion, deduced from a mean of 14 0 or of 40°, I would 
attribute rather to the errors of obfervation than to .mf 
adhaal irregularity in nature. If, however, this progref- 
lion be inliffed upon, it fhould feem, that the degree of 
the air's expahiion increafes with an. increale of heat;, 
and that the difference of volume or denfity from i° of 

' _ heat,. 
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heat, any where within the limits above-mentioned, 
•would be about one part in five thoufand from what I 
take it at a mean. I fhould not have infifted fo long on 
this circumftance, but in refped: to the known accuracy 
of the author of this hypothefis. Neither do I find any 
reafon to believe, that the expanfion of air varies with 
fits denfity. I have tried air whofe denfity or preflure 
was equal to 23^ inches, and alfo to forty inches; but the 
dilatation, with equal volumes and equal degrees of heat, 
was very nearly the fame in both cafes. I might add a 
great deal more on thefe manometrical experiments, but 
I -am afraid it would be more tedious than ufeful. I pro- 
ceed therefore to the expanfion of quickfilver. 

This experiment was made with a tube, fomething 
like a thermometer, but confiderably larger than the or- 
dinary fize, and open at one end; it was filled with 
quickfilver to a certain height, and then.expofed to the 
temperatures of freezing and boiling repeatedly, the ba- 
rometer being at 30 inches : the difference of the volume 
in each inftance was determined afterwards by accu- 
rately weighing the contents. I thus found, that if the 
quickfilver at freezing be fiippofed to be divided into 
-13 1 19 parts, the increafe of volume by a heat of boil- 
ing water became equal to 208 of thefe parts = and 
r x ~ = and fuch would be the expanfion for 

2 each 
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each degree of the thermometer, commencing f rom t h e 
freezing point, =0,00262 inch on a column of 30 
inches of the barometer, if the glafs had fuffered no ex- 
panfion during the experiment. This, however, has 
been found- to be with 180 0 of- heat =■•— in folidity. 
(viz. the cube of its longitudinal expanfion) and. 
4^0 x 40 = 77^00 = inch, for the effect of the, 

expanfion of the glafs for i° upon a column of 30 
inches ; this added to the quantity before found, which 
was only the excefs of the greater expanfion above the 
lefs, gives for the true equation for each degree 0,00304. 
inch when the barometer ftands at 30 inches^. Mr. de 
iuc’s correction in this cafe was 0,00312; a difference, 
fo ffnall that I fhall take no notice of it as to its influence, 
upon our obfervations. It may deferve a remark here,- 
that this equation rigoroufly taken is variable according, 
to the height of the thermometer; for i°, which at. 

( c) It lias been fulpefted, and I believe will appear from very good obfem~* 
lions, which however I never made myfelf, that the expanfion of quickfilver in > 
the barometer is not cl ire ft ly as the heat fhewn by the thermometer, but in a 
ratio Something different, owing to fom e of the quickfilve** being converted 
into an elaftic vapour in the vacuum that, takes place at the top of the TortF* 
cellian tube, which prefles upon the column of quickfilver, and thus couoterads > 
in a fmall degree the expanfion from heat, * It does not, however^ appear to be* 
a confiderable quantity, not amounting to above one-fixteenth of the whole 
expanfion in a range of 40 0 of temperature; I fhall therefore 'venture to con* - 
fider this equation as truly uniform, fince the error on ten thoufand feet woofa}* 
Mot amount to five* . ? 



56B Sir george shugkburgh’s Obfervafiom 
freezing is = ~ T of the whole volume, at the tempera- 
ture 8 3° becomes a difference indeed that may 

fairly be neglected, and which I neglect myfelf; yet I 
cannot help obferving, in juftice to Mr. de luc, that his 
method of reducing his barometers always to the fame 
ftandard temperature, was free from the error I am 
fpeaking of. 

To conclude, the defedt of Mr. de luc’s rules being 
fuppofed or, which comes to the fame thing, the 

correction being + St U ht when the temperature of the 
air is 6 1 °. 4, and the true expanfion of the air for each 
degree being ~ 4 Hoo when the heat is 3 9 “.7 ; required to 
find the temperature wherein the difference of the loga- 
rithms fhall give the true height in Englifh fathoms, 
that temperature, according to Mr. de luc, being 39°.74, 
and the expanfion £ o ^ 3 o5 . 

Let t be the temperature 6 i°.4; s Mr. de luc’s 
ffcandard temperature; e the expanfion for i°; e the fame, 
according to Mr. de luc ; % the fuppofed correction of 
the rules, and x the temperature fought. We have then 
the following formula, t-s w - ~ci - s—x, wherein 
proceeding with the above numbers s-x comes out 

(d) This fign is negative, becaufe the affutned expanfion e is lefs than the 
true one E, and confequendy tended to increafe the .apparent error of the rules; 
had it been greater, * would have been + . 

8°. 50 
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S°.50, and confequently #=31°. 24 the temperature re- 
quired; which, if it fhould be thought convenient mar 
he confidered as the freezing point. 

In the whole of the above inquiry I have taken no 
•notice of the effete of gravity upon the particles of the 
air at different diftances from, the earth’s center, which 
ihould doubtlefs enter into the account, and which would 
occasion the denfity of the atmofphere to decreafe in a 
ratio fomething greater than the prefent theory admits 
of. In a height of four Englifh. miles Dr. horsley finds 
(Phil. Tranf. vol„ LXIV.) that the diminution of denfity 
or volume from the accelerative force of gravity would be 
only ~ part of the whole, or about 48 feet ; and I may 
add to this, that this effedt will be in the duplicate ratio 
of the heights, fo that at one mile high it becomes only 
three feet. A like effedt takes place alfo below the fur- 
face of the earth, as in meafuring the depths of mines, 
8tc. with this difference, that here it is but half the quan- 
tity; in the former inftance gravity within the earth 
being limply as the diftance from the center; they are 
both of them, however, circumftances that deferve no 
attention in pradtice. 

This would be the place for me to enumerate the 
many defiderata, befides thofe already hinted at, that flail 
remain for the perfection of this theory; fuch as 
Yol. LXVIL a E 'hm 
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laws of heat, that obtain in the different regions of the 
atmofphere; the effects of moifture, winds, the eledtric 
fluid, together with the weight and qualities of the air in 
different countries, &c. i that at the fame time that X am 
congratulating the prefent age on one of the moft bril- 
liant difcoveries in- natural philofophy, I may be under- 
flood alfo to encourage every lover of fcience to flill farther 
enquiries in- a branch of knowledge no lefs ufeful than 
ingenious; particularly in a kingdom wherein, from its 
commercial interefts, and in confequence its many inland 
navigations, every improvement in hydroftatics, the art 
of levelling,, or geometry, cannot but tend confiderably 
to the public benefit. The fources of fcience are not 
eafily exhaufted t multitudes of them remain wholly 
unexplored. If novelty can afford a charm, the path X 
am fpeaking of, till of late, has been the leaft frequented • 
witncfs the frefli, important truths in Pnetim atical re- 
leaiches that, from, zeal and falhion, every day 5 s expe- 
rience affords. I might here offer too a tribute of applaule 
(and am fure in concert with this whole affembly) juftly 
due to the indefatigable, labours of him whofe fteps I 
have purfued; but I am convinced he will rather hear 
me acknowledge, our obligations to the ancients than any 
panegyric of himfelf. Be the benefit we receive from 
them our encouragement to proceed.. 

. 7 . 
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o / ** 

Multum egeruni , qni ante ms fuerunt , fed p ergm , 

gerunt : multum adhuc rejlat operis , mutiumque rejiahit% 
nec ulli nato poft mille facula pracludetur occafio atiquid 
adhuc adjiciendiP sen. Epift. 6 4. 


PART II. 


IN the fubfequent pages, which I have now the ho- 
nour of laying before the Royal Society, I have drawn 
up, and I hope in a form the moil commodious, the ne- 
ceffary tables and precepts for calculating any accedible 
heights or depths from barometrical obfervations, and 
without which I thought the preceding memoir would 
be incomplete ; referring, however, to that for the proofs 
or elements from whence the tables have been com- 
puted. And herein I have endeavoured to adapt myfelf 
to the capacity of fuch perfons as are but little conver- 
sant with mathematical computations, but who may have 
frequent opportunities of contributing fomething to the 
advancement of fcience by experiments with this ufeful 

4 E 2 inftra- 
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iiiftrument, which is now become nearly in as common 
pofleffion as a pocket watch, I have induftrioufly 
avoided the method of logarithms, propofed by Dr. Hal- 
ley, and adopted by Mr. be luc, both becanfe fucii 
tables are not in the hands of every body, and becaufe I 
have perceived that many perfons of a philofophical 
turn, though fkilled only in common arithmetic, have 
been frightened by the very name : a method lefs popu- 
lar, however elegant, would have been lefs generally 
ufeful. To thefe tables is fubjoined a lift of feveral alti- 
tudes, as determined by the barometer: this will ferve to ■ 
fhew the ufe I have made of the inftrament, and will at 
the fame time exhibit the level of a great number of . 
places in France, Savoy, and Italy, and, as I think, be no 
improper fupplement to exemplify the rules. It might 
have been expedied that I fhould have faid fomething on 
the theory of barometrical obfervations, and have, laid 
down the laws and principles on which it depends ; but 
as that has-been fo amply done by other writers of in-- 
contefted authority, I ihall content myfelf with inferring, 
only the following propositions. 

i ft, The difference of elevation of two places may be. 
determined by the- weight of the vertical column of the: 
atraofjphere intercepted between them* 

3 . 


ad. If " 
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2d, If then the weight of the whole atmofphere at 
each place can be afcertained, the weight of this column, 
viz. their difference, will be known. 

3d, But the height of the quicklilver in the barome- 
ter expreffes the total weight of the atmofphere in the 
place of obfervation; the difference, therefore, of the 
height of the barometer, obferved in two places at the 
fame time, will exprefs the difference of elevation of the 
two places. 

4th, But further, the weight of this column of the 
atmofphere is liable to fome variations, being diminifhed 
by heat, and augmented by cold ; and again, a fimilar 
alteration takes place in the column of quicklilver, 
which is the meafure of this weight. 

5 th, If then the degree of thefe variations- can be de- 
termined, and the temperature of the air and quicklilver 
at the time of obfervation be known, the weight of this 
column of air, or the difference of* elevation of the two 
places, will be concluded as certainly as if the gravity of 
thefe two fluids, with all heats, remained invariably the 
fame: this is the whole myftery of barometrical mea-. - 
furement* 


• A#** 
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APPLICATION. 

The height of the barometer in Englifh inches at any 
two places at the fame inftant, and the heat (according 
to Fahrenheit’s thermometer) to which it is expofed, 
being known, together with the temperature of the air 
at each place, obferved with a fimilar inftrument; re- 
quired the difference of elevation of the two places in 
Englifh feet. 


RULE. 

Precept the ift, With the difference of the two thermo- 
meters that give the heat of the barometer (and which, 
for diftindtion fake, I fhall call the attached thermome- 
ters^) enter table I. with the degrees of heat in the 
column on the left hand, and with the height of the 
barometer in inches, in the horizontal line at the top ; in 
the common point of meeting of the two lines will be 

found the corredtion for the expanfion of the quickfilver 

(e) It is fcarce neceffary to remark, that, in order to make good conclufive 
obfervations, it is proper to be furnifhed with two barometers, and four ther- 
mometers; viz, one attached or inferted in, the frame of each barometer; and 
the other two detached from them, in order to take the heat of the open air; 
for it will feldom be found, that the thermometer in the frame of the barometer 
and that in the air will ftand at the fame point, and for a very evident reaforu 

by 
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by heat, expreffed in thousandth parts of an Englidi 
inch; which added to the coldeft barometer, or Subtracted 
from the hotted, will give the height of the two barome- 
ters, fuch as would have obtained had both inftruments 
been expofed to the fame temperature. 

Precept the 2d, With thefe corrected heights of the ba- 
rometers enter table II. and take out refpedtively the num- 
bers- corresponding to the neareft tenth of an inch ; and if 
the barometers, corrected as in the firft precept, are found 
to hand at an even tenth, without any further fraction, the 
difference of thefe two tabular numbers (found by fub- 
tradfing the lefs from the greater) will give the approxi- 
mate height in Englifh feet. But if, as will commonly 
, happen, the correct height of the barometers fhoukl not 
be at an even tenth, write out the difference for one 
entire tenth, found in the column adjoining, intitled- 
Differences', and with this number enter table III. of pro- 
portional parts in the firft vertical column to the left 
hand, or in the 1 ith column, and with the next decimal 
following the tenths of an inch in the height of the. 
barometer (viz. the hundredths) enter the horizontal 
line at the top, the point of meeting will give a certain 
number of feet, which write down by itfelf; do the fame 
by the next decimal figure in the height of the barome- 
ter ( viz. the thoufandths of an inch) with this difference 

fbikijig 
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ffriking off the laft cypher to the right hand for a frac- 
tion ; add together the two numbers thus found in the 
table of proportionable parts, and their fum fubduCfc 
from the tabular numbers juft found in table II.; the 
differences of the tabular numbers, fo diminifhed, will 
• give the approximate height in Englifli feet. 

Precept the 3d, Add together the degrees of the two 
-detached or air-thermometers, and divide their fum by 
2,, the quotient will be an intermediate heat, and mull 
be taken for the mean temperature of the vertical co- 
lumn of air intercepted between the two places of ob- 
fervation: if this temperature Ihould be 31°^ on the 
thermometer, then will the approximate height, before 
found, be the true height; but if not, take its difference 
from 3i°p and with this difference feek the correction 
in table IV. for the expanfion of air, with the number of 
degrees in the vertical column on the left hand, and the 
. approximate height to - the neareft thoufand feet in the 
horizontal line at the top ; for the hundred feet ftrike off 
■one cypher to the right hand; for the tens ftrike off two; 
for the units three: the fum ■of thefe feveral numbers 
..added to the approximate height, -if the temperature be 
greater than 3 1 0 ^, fubtra&ed if lefs, will give the correCl 
height in Engiifh feet. An example or two will make 
; this quite plain. 


EXAMPLE 
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EXAMPLE I. 

Let the height of the barometer, obferved at the bot- 
tom of a mountain be 29.4 inches, the attached ther- 
mometer 50°, and the heat of the ah' 45 0 ; at the fame 
time that at the top of the mountain the barometer is 
found to hand at 25.190 inches, the attached thermo- 
meter at 46°, and the air-thermometer at 39°^; re- 
quired the height of the mountain in Englifh feet. 
Set the numbers down tn the following order: 


4 F 


Obfer-: 


Vol. LXVII. 
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Obfervation at the bottom. 

Barometer* Therm. Therm* 

attached# in the air# 
In. 

29.400 50’ 45° 

46- 

Diff. of the. two attached thermometers, 4 


Obfervation at the top. 


Barom. 

In. 

25,19a 

Correft for the diffl of th’e.l 
two attached therm, viz* 4? 9 J l °' 


Height of the upper mod: 
barometer, reduced to the I 
fame heat as the lowermoft* j 
viz . 50°^ * — — J 


Therm. Therm, 
attached, in the air.. 

46° 39° I 

.45 

2)84! (425 mean heat; 

31 J ftandard heat. 

11 difference. 


Tabular number* fee tab. II. 

correfponding to, — 
The fame* correfponding to 

Approximate height in feet* 
Cor reft Ln for 1 1° of heat on 4016 feet* add* . • — 


Cor reft for 1 1°* fee. tab. IV. 
on 4000 feet 106.9 
on 16 — • -f 5 


or on 4016 +107,4 


In,. Feet*. 

| 25.200 rr 6225.0 
29.400 ~ 2208.2 

4016.8 
— 107.4. 


Correft height of the mountain. 


4124,2' 


Now the difference of the attached thermometer 50° 
and. 46° is -4 0 ; and . againft this number, in table I. in 
the column for 2 5 inches (being the height . of the baro- 
meter in this cafe), I find 1 o, which added to 25.190, as*, 
tins barometer was the. coldeft, . gives 25.200 inches for,- 
1 the; 
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the height of the uppermoft barometer reduced to the 
fame heat as the lowermoft: and in table II. oppofite to 
25.200 inches and 29.400 inches, I find refpeclivelv 
6225.0 and 2 2C 8.2; their difference 4016.8 is the ap- 
proximate heigh" in feet. The degrees on the ther- 
mometer in the open air, 39^ and 45 0 being then added 
together, and afterwards divided by 2, give for the mean 
temperature of thefe ohfervations 42°^, or n° above 
the fiandard temperature, 31°^: and laftly, the correction 
for 1 1°, in table IV. on 4000 feet I find = 106.9, and 
on 16 feet = 0.5; that is, 107.4 feet equal the whole 
correction, which added to 40 1 6.8 gives 41 24.2 feet for 
the correct: height of the mountain. 

EXAMPLE 11, 

Suppofe the height of the barometer at the top of a 
rock had been obferved at 24.178, the attached ther- 
mometer at 57°.2, the air-thermometer at 56°; the ba- 
rometer below at 28.1318 inches, the attached thermo- 
meter 6i°.8, the detached one 63°. 9 ; what is the height 
of the rock? 


4 F 2 
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Obfervation at the bottom. 

Barometer. Therm. Therm, 

attached. detached. 
In. 

28.1318 6i°.8 63°.g 

57-2 

Difference of the two attached thermometers, 4.6 


Obfervation at the top. 


Barom. 


Corre& for tlie cliff, of 
the two attached therm. 
viz* a° 6, — 

Height of the uppermoft 
barom. reduced to the 
fame heat as the lower- 
moft, namely 6i°.S, 


In. 

24.1780 

+ QHZ 


24.1892 


Tabular number, cor- 1 
refponding to, J 24.1000 

The fame, fee tab. III. 800 

— — 90 

— — — - — - 2 


Therm. Therm, 

attached. detached. 

57°.2 s°6-o 

63-9 


2)119.9(59.95 mean heat. 

31.24 fendard temp. 

28.71 difference. 


Feet. Diff. 
7388.0 107.9 

86. 0-1 

9-7 1—95 9 


24.1892 7292.1 


T abolar number, cor- 1 ^ lQQO 3386.6 92.6 

refponding to, J 7 

The fame, fee tab. III. 300 28.0 -> 

— 10 0.9 f — 29.6 

8 0.7 J 


28.1318 3357.0 

And 3357.0 feet taken from — 7292. 1 


* Leaves the approximate height nrfeet, 3935- 1 
Correction for 28°7 of heat on 3935 ft. 4-274.3 


Correfl: height of this mountain, 42094 


Corredt for 28 J .7, fee tab. IV. 
•) 3000 = 204. 1 

28° on 

J 

) 

‘ 900 m 61.2 

35 = 2.4 

3000= 5.1 

0.7 on 

900= i. s 

35 = °-o 

28.7 on 

3935 274 3 


This 




in order to afcertaln the height of Mountains. 581 
This laft obfervation was actually made, and the 
height geometricaliy was determined to be 4211.3 feet, 
not quite two feet different. In this example it will be ob- 
ferved, that as the height of the barometer is fet down to 
four places of decimals ; the tabular numbers, anfwering 
to every tenth only, are corrected by means of table III. 
of proportional parts, for the remaining decimals 8, 9, 
and 2, in one place; and 3, 1, 8, in the other; and their 
fum is fubducted from the numbers found in table II. 
And laftly, that in finding the correction for 2 8°. 7 of 
heat, the fraction fo ' 1S confidered as fo many units, and 
another decimal is ftruck off; thus the correction on 
3000 feet for 7 0 is 51; but for -tL it becomes 5. 1, and 
fo of the reft. 


EXAMPLE III. 

In the upper gallery of the dome of St. Peter’s church 
at Rome, and 50 feet below the top of the crofs, I ob- 
ferved the barometer, from a mean of feveral obferva- 
tions, 29.5218; the thermometer attached being at 
5 6°. 6, and the detached one at 5 7 0 ; at the fame time 
that another, placed on the banks of the Tyber one foot 
above the furface of the water, flood at 30.0168, the 
attached thermometer at 6o°.6, and the detached one at 
6o°.2 ; what was the total height of this building al)0|b 
the level of the river? ' " 
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Obf^rvation below, at one foot above the Tyber. 


Barometer. 

Therm. 

Therm. 


attached. 

detached 

In. 

O 


30 01 ’‘8 

60.6 

56 6 

6 o °.2 

Difference of the two attached thermometers, 4.0 



Obfervation above, in the gallery of St. Peter’s church. 


Cor reft for the diff. of 
the two attached therm 


n 


29.5218 
+ 120 


Height of theuppermoft t 
barom. reduced to the I „ 

heat of die loyvermoft ? 2 9 -o 3 o 

•biz. 60.5, — J 


56.6 


57-° 

60.2 


2)117.2(58.60 mean heat. 

31.24 ftandard temp. 

27.36 difference. 


Tabular numbers cor- 1 
refponding to, — i ~ 9’5 
300 

30 

8 


Feet. 

2x19.7 

26.4) 

2.6 r — 29.7 

7 ^ 


Diff. 

88.2 


2 9-533 8 2090.0 


T abular numbers cor- 
refponding to, — 


| 30.000b 


100 

60 

8 


1681.7 

8-71 

5.2 >—14.6 

7 J 


30.0168 1667.1 

2O9O.Q 

Approximate height, t 422.9 

Correftionfor 27°4 of heat 00422 feet, -f 28.0 
Difference of height of the barometers, 45 o 9 
Loweft barom. flood 1 foot above the river, -f 1,0 
T op of the crofs abpve the gallery was, -f 50.0 

Total height of the top of the crofs) ~ 
above the river Tyber, — jf S 0l *9 
The fame meafured the fame day geo-~[ 

metrically was, — ~ J 5 02 *2 


86.7 


Corieftion for 2 7°-4 

[400 = 26.2 
27 on * ^ 

4 12 2= 1,4 

0.4 on 4.00 = .4 

27.400 42200280 


When 



in order to afeertain the height of Mountains , c 3 

When the difference of the heights of the quickfilvcr 
in the two barometers happens not to exceed ~ or even 
.j^of an i nch (and this will frequently be the cafe in level- 
ling flat countries, or meafiiring fmall heights) in inch 
circumflances the moft convenient way of reducing the 
obfervations will be by means of the column of differences 
only ; thofe numbers expreffing the length of a column 
©f the atmofphere which correfponds to ~ of an inch of 
quicldilver,, at any alfigned height of the barometer. 

EXAMPLE' IV. 

Suppofe the following obfervations had been made at 
the top and. bottom of any eminence.; viz. at the top, 
barometer 29.985 inches, attached thermometer 7o°5, 
detached thermometer 76°; and below, barometer at 
30.082, attached thermometer 71 0 , and the detached, 
one 68°; what was the height of the eminence? 
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Obfervation below. 


Barometer, T h er m 

Therm, 

attached. 

detached. 

In. 

68.0 

30.0820 71 0 

W>.. 5 


Difference of tire two attached therm. o 5 



Obfervation at the top. 


Barometer, 

Therm, 

Therm, 


attached. 

detached. 

In. 

0 

q 

29 9850 

7°*5 

70.0 

Correfl for G°.5 of heat, 4- ,c o 5 5 


68.0 

Take — — 29.0865 

2' 

) 144.0(72.0 mean heat. 

From — — 30.0820 


31.2 ftandard temp, 

Remains the difference ^ 


+ 40.8 difference. 

or f t *,! 1 of quickfnvefin > 00955 
the barometer, — — — 

The difference for T V at 30 inches 

“ 86.7 feet. 

Correction for 41“. 

Feet. 

Feet. Ft. 
f 80 =8.0 

Therefore, for 0900 *— 

— 78.0 

1 ! 

oi 

■T-* 

tx 

0 

0050 — 

— 4-3 

- *— • 

0005 — 

— 0.4 

41 0 on 82.7=18,3 


Therefore, 0955 inch of quickfilver, - 82. 7 the approximate height* 

Corre&ion for 41° on 82.7 feet, +8.3 


Gives — — * — 91*0 r= the true height. 

Now this was the height of the Tarpeian rock, or the 
weft-end of the Capitol-hill in Rome, above the con- 
vent of St. Clare, in the Strada dei Jpecchi. 

The preceding rules for determining heights above 
the fnrface of the earth will, I prefume, anfwer equally 
well for meafuring depths below it. 


T ABLE 




ttt ot det to ascertain tbs height of Mountains, 58 ^ 

table 1 . For the expanfion of quickfilver by heat 

fee p.574. 
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table u (fJ * Giving the approximate height in Englifh 
feet, adapted to the temperature 3i°a4 of Fahren- 
heit’s thermometer. 


{Height 
of the 
jBaro'n. 

Height. 

Diff. 

Height 
of the 
Baronn 

Height. 

Diff. 


Height 
of the 
Barcm. 

Height. 

" 1 ' "• 1 " in 

Diff. 

j Inch, 

3‘ 

■ 5’— 

64— 

• 7* — 

. *8, — 

: 9’ 

10. — 

1 1. ~ 

I 2* — 

14* — 

*iS*°o 

Feet. 

90309.0 
72247-2 

61681.8 
54185 4 

48370.8 

43619*9 

39603. 1 
36123.6 

33°S4-4 

30309.0 

27825.4 

2555 s * 1 

23472.4 
2i54i-3 
19743*5 

18062 

10565 

7496 

5 s i4 

4761 

40x7 

3480 

3069 

2745 

2484 
2267 
j 20S6 
! *93* 
i r 79 8 

Inch. ' 
16.10 
20 
30 
40 

5° 

60 

70 

80 

90 

16.00 

10 

20 

So 

1 40 

! 5° 

Feet. 

19570.4 
19398 4 
10227. 5 
19057.7 

18889.1 

18721.5 
18555.0 

18389.6 

18225.2 

X 806 1.8 
17899.4 
17738.x ■ 

17577-7 

17418-4 
17260.0 ! 

D3* 1 
172.0 
170.9 
169.8 
168.6 
167 6 
166.5 

165.4 

164.4 
163 4 

162.4 
161.3 
x 60. 4 
259-3 

1 58.4 1 


Inch. 
16.60 
70 
80 
90 
17 00 
10 

20 

30 

40 

50 

60 

70 

80 

9° 

18.00 

Feet. 

17102.5 

16946.0 
16790.4 
16635.8' 

16482.1 

16329.2 

16177.3 

16026.2 
15876.0 

15726.7 

15578.2 
15430*6 

1 5283.8 - 

15137.8 
14992 6 

1 5 7-5 
156-5 
I55- 6 

154.6 

1 53 7 
x 5 2 -9 

151-9 

151.x 

150.2 
149-3 

148.5 

147.6 
146.8 
146.0' 

145.2 


( f) This table bears fome analogy to the tables of Iogiftical logarithms, being 
-nothing more than the differences of the logarithms of the height of the 
barometer from the logarithm of 32 inches multiplied by fix. I have chofen 
the logarithm of 32 for my term of comparifen, that being the greateft pro- 
bable height that the barometer will ever be feen at, even at the bottom of the" 
•dcepeft mines. Had I. taken the mean height of the quickfilvcr at the level of 
tins fea, it is true the numbers in the table would have more truly reprefented 
the heights in the atmofphcre, -correfpondiog to the given height of the quick- 
lilver.; but then, in computing fmr.ll depths or heights from thefurface of the 
fea, we fhould have been obliged fometimes to have changed the fig ns in the 
■operation, which appeared to me lefs convenient. The mean- height of the 
•barometer at the level of the lea, from 132 obfervations in Italy and in Eng- 
land, is 3C.04 inches, the heat of the barometer being ,55°, and the air 62°; 
fc that the term of companion in this table, viz. 32- inches, corresponds to an. 
imaginary point within the earth at- 1647 feet below thefurface of the fea. 


TABLE 
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TAfeLE ii. continued. 


Height 
of the 
Barom. 


Height. 


Inch. 

18.10 

20 

3 ° 

40 

5 ° 

60 

70 

86 

90 

10.00 I 
10 
20 

3° 

40 

5° 

60 

70 

80 

9° 

20.00 
10 
20 

3 ° 

40 

50 

60 

70 

80 

90 

21.00 
10 
20 
30 
40 

So 

bO 


ms. 


70 

80 

90 


Feet. 

14848.2 

14704.7 

14561.9 

1 4 4 1 9 9 

14270.7 

14135.2 
13998.5 
1 3^59*5 
* 37'^-3 
i3S 8 3- 8 

13447.0 

i 33 JO -9 

1317.5.6 

13041.x 

12906.9 

12773.6 

12641.0 
12509.1 

12337.0 

12247.2 

121 17.2 
I I987.9 

1 1859.2 

11731.2 

1 1603.8 

11477. 0 
I IJ5 0 . 0 

1 1225.2 
1 1 100.2 

10975.8 

10852.1 

10728.8 

J 0606.2 

I O484. 2 

10362.7 

10241.8 
I912I.4 
ioopx.6 

’9882.4 


144.3 

143.6 

142.8 

142.0 

141.2 

140.5 

1 39*7 

139.0 

128.2 

137*5 

136-8 

136.1 

r 3 S -3 

134-5 

134.2 

* 33-3 

132.6 

I 3 1 *9 

i3 J -3 

13°*' 

130.' 


126. 


125. 


121. 


"Height ‘ 
of the , 
Barom. 

Height; 

Inch. 

Feet. 

22.00 

9763.6 

10 

9 ° 45-5 i 

20 

9547.3 | 

3 ° 

9410.7 

<*0 

9294.1 

5 ° 

-9178.1 

bo 

90C2.5 

70 

8947.4 

80 

8832 9 

90 

8718*9 

23,00 

8605.3 

10 

8492 3 

20 

8 3 79-7 

3 ° 

S267.6 

40 

8156.0 

50 

8044.9 

60 

7934-3 

70 

' 7824.1 

80 

7714.4 

| 9 ° 

7605.1 

24.00 

749 6 -3 

' xo 

7388,0 

20 

7280.1 

3 °- 

7 172.6 

i 40 

7065.6 

5 ° 

6959,0 

60 

6852.9 

! 7 ° 

6747.2 

8° 

6641.9 

t 9 ° 

6537.0 

25.00 

6432,6 

’ 10 

6328.6 

1 • 20 

6225.0 

3 ° 

6121.8 

> 40 

6019.0 

• 5 ° 

5916,6 

3 60 

5814.6 

7 ° 

57 I 3 -° 

4 80 

. 5 &”- 8 


Difr. i 


Heigiitj 

of the r Height, j 


118. 
“ 7-7 I 

II?.! 

xi6.6 ! 

1*6,0 I 

»S-6'; 

1I5.I ! 

II4S 

X14..0 

113.6 

113.0 

112.6 
I 12. 1 

r 11.6 

hi . 1 

1 10.6 
1 1C.2 

109.7 
109-3 

108.8 

108.3 

107.9 

107.5 

107.0 

106.6 

106. 1 

105.7 

104.9 

104.4 

104.0 
X03 6 

103.2 

102.8 

102.4 

102.0 
101.6 

101.2 


< flCll. ! 

25.90 1 

2*6.00 I 

• 10 [ 
. 20 j 

' 3° i 

* 40 j 

50 1 

60 j 

/o | 

80 

9 ° 

27.00 

ID 

20 

3 ° 

40 

50 

60 

70 

80 

n 9 ° 

28.00 

10 

20 

3 ° 

40 

50 

60 

70 

80 

90 

29.00 

10 

20 

30 

40 

50 

60 

70 


f hCt. 

S3 1 * *o 
5410/4 

5310.6 

5110.9 

5111.6 
50 r 2,8 

4914.2 

48 x 6 a 

47 i8 -3 

4620.9 

45 i 3-9 i 

4427-2 

433 0 - 8 

4234.9 

4 3 39 - 2 

4044.0 

3949.0 

3 8 S 4-5 

3760.2 

3666.3 

357 2 -7 

3479-5 

3386.6 

3294.0 

3201.8 
3x09.9 

3 oi8 *3 

292741 

2836.1 

2 745-4 

2655.x 

2565- 3 

2475-4 

2386*0 

2296.9 

2208.2 
2IIQ.5 

' 2031.5 

"1943.6 


)*fL \ 


ico.8* 
ioc»6 
99- 8 
: 99*7 
‘99-3 

g8.8 

98.6 

97 S] 
97 41 
97.01 

96.7 
96.4 
95-9 
95*7 
95-2 
95-®: 
94-5 
94-3 
93 9 
93-6 
93-2 

929 

92.6 
92 2 

91.9 

91.6 

9- I -3 

90.9 

9°-7 

90.3 

96.0 

8 9-7 

89.4 

89.1 

88.7 

88.5 

88 a| 

87.9 


4 G % 


t ,&■»;& 

1 ' J ( i ‘fl" ^ ^ 1 
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table 11. continued. 


Height 
of the 
Barom. 

Height. 

Diff. 

Height 
of the 
Barom. 

Height. 

Diff. 

Height 
of the 
Barom. 

Height. 

Diff. 


fcfrjfe 

87.6 

8 7-3 

87.O 

86.7 ' 
86.4 
86.2 

85.8 
BS*6 

Inch. 

30.60 

70 

80 

90 

31.0° 

10 

20 

3 ° 

Feet, 

1165.7 

1080.7 
996.0 
9 *i -5 
827.3 
743-4 
659-7 
576-3 

8 5-3 

85.0 

84.7 

84-5 

84.2 

8 3-9 

83-7 

83.4 

Inch. 

31.40 

5 ° 

60 

70 

80 

90 

32.0,0 

Feet. 

493-2 

4x0.4 

327.8 

245-4 

163,4 

81.6 

00.0 

83.x 

82.8 

82.6 
82.4 

82.0 

81.0 

81.6 


%~A B li E ' 
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table m;. Of proportional parts. 


JDiff. 

I. 

2 

3 

+ 

5 

6 

7 

8 

9 

Dirt. 

1 1 

2 

3 

4 

S i 

6 ! 

7 i 

8 \ 

9 f 

81 

8 

16 

24 

32 

40 

49 

57 ' 

65 

73 

106 

II 

21 

32 

4 0 

T 

53 

H ;74 

s 5 ; 

r- 1 
>3 1 

82 

8 

16 

2.5 

33 

4 i 

49 

57 

66 

74 

107 

I I 

21 

32 

43 

53 

6475 

86 ! 

, l 

C6 t 

CO 

a 

T 7 

25 

33 

4 1 

59 

58 

66 

75 

108 

II 

22 

3 - 

43 

54 

65 

76 

86 

97 

84 

8 

*7 

25 

34 

42 

50 

59 

67 

76 

i °9 

II 

22 

33 

-H 

54 

65*76 

87 

98 

85 

8 

i 7 

25- 

34 

4.2 

5 i 

59 

68 

76 

IIO 

II 

22 

33 

44 

55 

66 

77 

88 

99 

86 

9 

*7 

26 

34 - 

43 

52 

60 

69 

77 

hi 

II 

22 

33 

44 

55 

67 

78 

89- 

ICO 

87 

r * 

V 

x 7 

26 

35 

43 

52 

61 

7O 

73 

112 

II 

22 

34 

45 

56 

67; 

78 

90 

IOI 

: 88 

Q 

18 

26 

35 

44 

53 

62 

70 

79 

113 

11 

2 3 

34 

45 

5 $ 

68179 

90 

102 

89 

9 

18 

27 

3 6 

44 

53 

&2 

7 i 

80 

114 

II 

23 

34 

46 

5 ; 

6S!Sc 

9 1 

IC 3 

j 9 ° 

9 

18 

27 

3 6 

45 

54 

6 3 

72 

81 

115 

II 

23 

34 

46 

57 

69^8° 

9 ? 

io 3 

; 

9 

18 

27 

36 

45 

55 

64 

73 

82 

Il 6 

12 

23 

35 

46 

S 3 

7 o;8t 

93 

104 

. 92 

9 

l8 

28 

37 

46 

55 

64 

74 

83 

117 

12 

23 

35 

47 

58 

7 ° 

82 

94 

io 5 

93 

1 9 

I 9 

28I 

37 

46 

5 6 

65 

74 ; 

84 

1x8 

12 

24 

35 

U 7)59 

71 

83 

94 

106 

94 

9 

*9 

28 

33 

47 

5 & 

66 

75 

1 

85 

119 

12 

2 4 

3 6 

48 

59 

7 1 

S 3 

95 

107 

95 

9 

19 

28 

38 

47 

57 

66 

7 6 

85 

120 

12 

22. 

3 6 

48 

DO 

'72 

84 

$6 

108 

96 

10 

19 

29 

38 

48 

58 

67 

77 

86 

121 

12 

1 

24 

3 6 

48 

60 

73| 8 5 

- 97 

109 

97 

10 

*9 

29 

39 

48 

58 

68 

73 ; 

87 

122 

i 

12 

24 

37 

49 

6 l 

73*35 

98 

no 

98 

10 

20 

29 

39 

49 

59 

69 

73 

1 

88 

123 

12 

25 

37 

49 

6l 

7486 

98 

m 

99 

10 

20 

3 ° 

40: 

49 

59 

69 

79 

89 

124 

12 

25 

37 

5 ° 

62 

74 ;S 7 

99 

112 

109 

10 

20 1 

3 ° 

40 ' 

5 ° 

60 

70 

8q 

! 

90 

I2 5 j 

12 

25 

37 

50 

62 

7 s ! s 7 

100 

112 

IOI 

10 

20 

30 

40 

5 ° 

61 

7 i 

81 

9 i 

126 

*3 

25 

38 

5 ° 

63 

76 

88 

IOI 

113 

102 

10 

20 

3 i 

41 

5 i 

61 

7 i 

! 82 

92 

127 

*3 

25 

38 

51 

63 

76;89 

102 

114 

103 

10 

21 

3 1 

4 1 

5 i 

62 

72 

82 1 

93 

128 

*3 

26 

_ r> : 

3 ,J 

51 

64 

77 j 9 c 

102 

uj 

104 

10 

21 1 

3 * 

42 

52 

62 

73 

83 

94 

129 

l 3 

26 

39 

52 

64 

77 j, 9 ° 

h° 3 1 

1 16 

■105 

10 

2 1 1 

3 1 

42 

52 

63 

_73 

34 i 

94 

130 

i 3 ! 

26, 

39 ! 


65 

78I91 

1 104 ! 

117 


ta^ble 
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T a b. L e iv. For the expanfion of the air, or correc 
tion of the u Ppermoft height, fee p. 57 6 . 


Deg 



Approximate height in feet. 




o 

IOOO, 

2000. 

3000. 

4OC O 

5 000 

6coq 

7000. 1 8000. 1 9000. 

1 

2 

’ 3 

4 

5 

6 

7 

8 

9 

IO 

U 

12 

*3 

1 5 

16 

*17 

18 

19 

20 

.21 

22 

2 4 

[ 2 S 

2.4 

-4.9 

7-3 

9-7 

I2.I 

14.6 

17.0 

I9.4 

2I.9 

24.3 

26.7 

29.2 

3*»6 

34 0 

3^-4 

38.8 

4 i -3 

43-7 

46.1 

48.5 

51.0 

53-5 

55*9 

58.3 

, 60.7 

4.9 

9-7 

14.6 

19.4 

24.3 

29.2 

34 -o 

38.9 

43-7 

48.6 

53-5 
58-3 
63 2 

'68.0 
; 72.9 
77-8 

82.6 

8 7-5 

923 

97-2 

102. 1 

106 9 

1 11 fi- 
ll 6.6 

} 2 1-5 

7-3 

14.6 

21.9 

29.2 
36.4 

43*7 

51.0 

58.3 

63.6 
.72.9 

80.2 

87-5 

94.8 

102. 1 

io 9-3 

116.6 

123.9 

131.2 

* 38-5 

r45.fi 

* 53 - * 
160.4 

167.7 ' 

J 75 -° 

182.2 

94 

194 

29.2 

389 

48.6 

58-3 

68.0 

. 77-8 

8 . 7-5 

97.2 
106.9 
116 6 
126.4 

136.1 
145-8 

' * 55*5 

165.2 

i 75 -o 

184.7 

194 4 

204.1 

213.8 

223.6 

233-3 
243 ° ! _ 

12 j 

24.C 

36 4 

48.6 

60.7 

72.8 

85.0 

97.1 

109.3 

121.5 

*33 6 
H 5-8 

J 57-9 

170.1 

182.2 

* 94-3 

206.5 

218.6 

230.8 

2430 

2 55 - 1 
267.3 

■ 2 79-4 ; 
291 6 

303-7 

14 ( 

29 5 

43-7 
58 3 
72.9 

8 7-5 

102. 1 

ir6.6 

131.2 

145 8 
160.4 

I 75 -o 

lS 9-5 
204.1 
; 218.7 

2 33-3 

247.9 

262.4 

277.0 

291.6 

306.2 

320,8 

335-3 

349 9 

3645 - 

17.C 

34 c 

51.C 

68.c 

85.0 

102.0 

1 19.0 

136.0 

153.0 

170. 1 

187.1 

204.1 

221. 1 

233.1 

255 - 1 

272.1 

289.1 
306a 

323-1 

340.2 

357-2 

374 2 

391.2 

408.2 
425 2 ! , 

19., 
. 384 
58-3 
77.S 

97.2 

ir6.6 

136.1 

* 55-5 

175.0 

1944 

2138 

2 33-3 

252.7 

272.2 

291.6 

311,0 

330-5 

349 9 

369-4 

388 8 
408.2 
427.7 ^ 

447 1 
466.6 
486 0 

21.9 

z 3 7 
65 6 

87-5 

10 9'3 

131-2 

153-0 

174.9 

196,8 

218.7 

240.6 

262 4 

284.3 

306.2 ' 

328.0 

349-9 
37 i -7 
393-6 : 
415-5 

437-4 

459-3 

481a 

5 ° 3 *° 

524.9 

546.7 ' 


table 
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TABLE IV. continued. 


Deg. 




Approx 

imate height in feet- 



0 

1000 

2000. 

3000. 

" 4000 

5000. 

GOOD. 

7000. 

8000 

9000, 

26 

-63.1 

126.4 

189.5 

252.7 

3 r 5 -S 

379 -^ 

442.2 

5°54 

568.6 

27 

65,6 

131.2 

196.8 

262.4 

328.0 

393-7 

459. 2 

524-9 

59°-4 

28 

68.0 

136.1 

204 1 

272.2 

340.1 

408.2 

476.2 

544-3 

612.3 

29 

70.4 

140.9 

21 1.4 

281.9 

352 3 

422.8 

493-2 

563*8 

634.2 

3 Q 

72*9 

145.8- 

218 7 

291 6 

364-5 

437-4 

510.3 

583-2 

656:1 

3 1 

' 75*3 

150-7 

226.0 

301.3 

376.6 

452.0 

527.3 

602.6 

678.O 

32 

77.8 

1555 

' 233-3 

3 11 * 0 

388.8 

466.6 

5 + 4-3 

622.1 

699.8 

33 

3 o *2 

160.4 

240.6 

320 8 ' 

400 9 

480 1 

56 i -3 

641.5 

721.7 

34 

82.6 

165.2 

247.9 

33°-5 

413 1 

495-7 

578.3 

661 0 

743-6 

‘35 

85.0 

1 70. 1 

• 2 55 -i 

•340.2 

425*2 

510.2 

595-3 

680.4 

7654 

36 

87.4, 

i 75 -o 

262*4 

349-9 

437-3 

524.8 

6x2.3 

699.8 

7 8 7-3 

9 37 

' 89.9 

179.8 

269*7 

359 6 

449-5 

539-4 

629 3 

7 1 9*3 

' 09.1 

-38 

92-3 

184.7 

277 O 

369 4 

461.6 

553-9 

646.3 

73 8 -7 

831.0 

39 

94.7 

l8 9-5 

2S4.3 

379 * 1 

473 - 8 

568.5 

663.3 

758.2 

852.9 

40 

97.2 

194.4 

29I.6 

388.8 

486.0 

5 s 3-2 

680.4 

777.6 

874.8 


99 6 

I 99-3 

298 9 

39 s 5 

498.1 

597 - 8 

697.4 

797 -o 

S95.7 

42 

102* I 

204.1 

306 2 

408.2 

5 IO -3 

612 4 

7x4.4 

816.5 

9 l8 5 

43 - 

104.5 

2O9.O 

3*3 S 

418-0 

522.4 

626.9 

7314 

835-9 

940.4 

44 

’ 106*9 

213.8 

320 8 

427.7 

534 6 

641-5 

748.4 

8554 

962 3 

45 

io 9 3 

2l8.7 

328 0 

437-4 

546.7 

656.1 

765 4 

874.8 

984,1 ' 

46 

1 1 1-7 

223 6 

335*3 ■ 

447.1 

55 8 8 

670.7 

782.4 

894 2 

ioo6‘0' ’ 

47 

1 14.2 

228.4 

3426 

456 8 

57 i-o 

685.3 

799-4 

9 r 3- 7 

1.027*8* 

48 

u 6.6 

233*3 

349-9 

466.6 

5 8 3 -i 

699,8 

816 4 

933 - 1 

*049*7 , 

49 

119*0 

238.1 

357-2 

47-6.3 

, 595-3 

' 7*44 

8334 

952-6 

1071.6 - 

, 5 ° 

121.5 

243.0 

364-5- 

j 486 O 

607.5 

729,0 

850.5 

972.0 

1 093,5 f 


Table 




5,92- Sir geokge shuckbxjrgh’s Obfervatiom 


Table of heights taken by the barometer, See, 


'The ‘Lake of Geneva., from 18 obfervations, 

Greateft deptli of the Lake, — — - 

Clufe, at the Croix Blanche, firft-fioor, (b) 2, 
Chamounv, ground-floor of the inn near the foot of 
Mont Blanc, 4 — — — 

The Montanvert, at the Chateau, 1 — 

' The fource of the river Arveron, at the bottom < 
Vallee de Glace, 1 — — — 

‘Salenche, at the inn, fecond-floor, s — • 


Peter’s church in Geneva, g — — 

St. Joire, in a field at the foot of the Mole, g 
Summit of the Mole, — — * — 

Pitton, higheft point of Mont Saleve, g 
The Dole, high eft fummit of Mont Jura, g 
The Buet, g — ~ — — 

Aiguille d J Argentine, g — — — • 

Mont .Blanc, g — — 

Frangy, at the inn, firft-fioor, below the Lake, 

Aix, a la Yille de Geneve, firft- floor, below the Lake, — 

' Cbambery, au St. Jean Baptifte, firft-fioor, below the Lake, — 
Aiguebelle, at the inn, firft-fioor, below the Lake, — 
•La Chambre, at tlie inn, firft-fioor, above the Lake, 4- 
St. Michael, at the inn, firft-fioor, — ~f 

Modane, at the inn, firft floor, — — 4. 


4* or — the 

Above the 

Lake of Geneva. 

Mediterranean. 

Feet. 

Feet. 

O 

1230 fzJ 

— 393 

+ 35 1 

1581 

° f } + 2137 

33 6 7 

+ 5001 

6231 

* ie j- + 2426 

3656 

+ 664 

1941 

> 1 + 24s 

*475 

, G +178 
*’} + 249 

- + 671 

1901 

+ 4883 

6113 

3284 

45H 

+ 4293 

5523 

+ 8894 

10124 

+ I2I72 

13402 

+ 14432 

15662 

l66 


378 

352 

190 

337 

m3 

2220 


2 3 43 
345 ° 


(g) More correftly -1228 feet, but I have taken it. at .1230 in round 
- numbers, 

(h) The figures at the end of fome of the names fhew. the number of obfer- 
vations that were made; and the letter g indicates fuch obferyations to have 
-been geometrical. 


Table 
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Tabic of heights. See. continued. 


Lanncbourg, the foot of MontCenis 
Mont Cenis, at the Poll , — 

• — - at the Grande Croix, * — — 

M ovale fe, the foot of Mont Cenis on the fide of Italy,) 


at the inn, firft- floor, 

Boucholin, on the firft- floor, — — - 

St* Ambroife, on the firft-floor, below the Lake, 
Turin, a l’Hotel d’Angleterre, lccond-floor, 4 
FelifTano, near Alexandria, firft-floor, 1 ™ 

Piacenza, St. Marco, firft -floor, 1 — • — 

Parma, au Paon, firft; floor, 3 — — 

Bologna, au Pelerin, firft -floor, 3 - — 

Loiano, a little village on the Appenincs, betv 


-f~ or — the 
Lake of Geneva, 

Feet, 

, at the inn, firft-floor, -f 3178 

~ ~ + 5°3 I 

~ ~ + 4793 

4- 1511 

+ 

~ 40 


liologna and Florence, 


penines the road paffes over, 
caije in going to Covigliaje, 




l point of the Ap- ^ 
miles beyond File- > 


Pifa, aux Trois Demoifelles, fecond-fioor, 4 — . 

Leghorn, chez Mufton, fecond-floor, % — 

Siena, aux Trois Rois, fecond-floor, 2 — 

Redicoffani, at the Poll, firft- floor, above the Lake, 


Above the 
Me&herraneaa, 

Feet. 

4408 

6261 

6023 

274I 


— 289 

941 

‘ — 671 


— 9^7 

263 

— 923 

3°7 

— 831 

399 


2591 

:-j>+ 1671 

2901 

3} — 99° 

+ 240 

— 1228 

+S 4 i 

— 1244 

+ 38 

— 164 

1066 

+ 1240 

2470 

'} ‘830 

3060 

s }' +29 

1259 

00 

0 

v*t 

1 

94 


lion on the fmnmit of the rock, 

Viterbo, aux Trois Rois, firft- floor, on th 
of the Ancients, — — 

Rome, nel Cprfo, 61 feet above the Tyber, 


(i ) The rocks on each fide the plain, where the poft-houfe fiends* ate at la& 
3000 feet higher than this fituationj- and it is from die fnow on the tops, a|cp 
through the crevices, that the lake on this plain is formed, which gives rifttP 
the Dora, and may be called one of the fources of the Po. 

Vol. LXVII. * 4H 
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Table of heights, See. continued. 


Above the 
River Tyber. 


The Level of the river Tyber, — ■ — 

The top of the Janiculum, near the Villa Spada, — 
Aventine Hill, near the Priory of Malta, — 

In the Forum, near the arch of severus, where the! 

ground is raifed 23I feet, — — J 

Palatine Hill, on the floor of the Imperial palace — 
Celian Hill, near the claudia n aqueduft, — 

Bottom of the canal of the claudian aqueduft, — 
Efquiline Hill, ‘on the floor of St. M. Major’s church,- 
Capitol Hill, on the Weft-end of the Tarpeian rock, 

In the Strada del Speech! , in the convent of St. Clare, 

On the union of the Viminal and Quirinal Hills, in thefl 
Carthufian’s church, diocles. Baths, — ■ J 

Pincian Hill, in the garden of the Villa Medici, ~ 
Top of the crofs of St. Peter’s church, ' — 

The bafe of the obelifk, in the center of the Periftyle, 

The fummit of the mountain Sorafte, lying about 20| 1 
geog. miles N. of Rome, g — - — J 

The fummit of Monte Velino, one of the Appenines, ^ 
covered with fnow in June, about 46 geog. miles f 
N.W, of Rome, and which is* probably the higheft j 
of the Appenines, g — — — J 


Above the 
Mediterranean® 


Naples, Cafa Ifolata on the Chiaia, 27I feet above! 
the fea, 5 — — — J 

Mount Vefuvius, mouth of the Crater from whence 1 
the fire iflued in 1776, — — j 


4-or* — the 
Lake of Geneve. 


3938 c k ) 
Table 


(i) Sir WILLIAM HAMILTON informed me, that the height of Vefuvius, as 
taken by Mr. de sacssure of Geneva in 1772, with only a barometer of Mr. 
de luc’s conftruftion, and according to his rales, was 3659! French feet = 
3900 Englifb, which agrees pretty well with mine. But the Padre della 
torre pretends to have found the height of Vefuvius in 1752 (fee p. 44. of 

his 
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Table of heignts, See. continued. 

.4. or — tbe Above tke 
Lake of Geneva. Mediterranean* 

Mount Vefuvius, at the bafe of the cone* ~ — 2021 

Top of the mountain Somma, *— 3738 

The fummit of Mount AEtna, — » 10954 fl; 

The following heights are determined from correfponding obfervations by 
Mr. messier at Paris* whofe barometer is fuppofed 108 feet above 
the fea. 

Barberino di V aldcnfa, between Boggebonri and T avernelle, 974 

Modena, a l’Albergo nuovo, - — — 214 

Montmelian, at 20 feet above the river, — — 811 

Monte Vifo, by an obfervation from Jurin, by means 1 

accurate, g — — — f 9997 

Monte Rofa, as meafured geometrically by the Father "i 

beccaria, being tire fecond mountain of all the » 15084 

Alps, — ^ — — — J 

Pont Bcauvoifin, — — — — 705 ' 

JLa tour du Pin, 4 — — — 938 

Verpilliere, — — •— « — 566 


his Hiftory of this Mountain) “ 1677 French feet only, the difference of his 
barometer at the top and at the level of the fea being no more than 23! French 
lines sr 2*065 Englifh inches, which was certainly a miftake of little lefs 
than 2000 feet in the refult. The Abbe nollet in 1 749 found the fall of the 
quickfilver 40 lines = 3.55 inches Englifh ; and, if this obfervation is to be 
depended upon, the fummit of this volcano has rifen within thefe 27 yean 
more than 330 feet perpendicular* 

( 1)1 have ventured to compute the height of this celebrated mountain from 
my own tables, though from an obfervation of Mr. be saussure’s in 1773, 
which that gentleman obligingly communicated to me, It will ferve to flew, 
that this volcano is by no means the higheft mountain of the old world ; and 
that Vefuvius, placed upon Mount AEtna, would not be equal to the height oi, 
Mont Blanc, which latter I take to be the moft ' elevated point in Europe, Afe, 
or Africa. , 

The circumference of the vifihlc horizon on die top of Mount AEtna, allowance 
.being made for ref raft ion, which I eflimate at 6', is 1093 Englifh miles* v 

4 H a Table 
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Table of heights, See. continued.. 


-]” or — • the 
Lake of Geneva. 


Lyons, at the Hotel Blanc, 5© feet above the Saone, 

St, Jean le vieux, - — ■ — : — ■ 

Cerdon, near the poft-houfe at the foot of the rocks* 
Nantua, 10 feet above the Lake, 

Chatillon, at the Logis Neuf* — — 

Colonges, — — ■ — - — 

St, Genis, apparently on a level with the foot of Mont Jura* 
Geneva, at 100 feet above the Lake, 5 — 

Macon, at the Parc* 24 feet above the Saone — 
Dijon, a la Cloche, the firff- floor, — 

Mountain of Maraifelois M, 4! miles beyond Viteaux T 
towards Dijon, “ — ~ J 

Lucy-le-bois, — — — — 

Auxerre, 50 feet above the river, — — 

Sens, at the Poft, — — 

Fontainbleau, at the Grand Cerf* fecond-floor, 


Above the 
Mediterranean^ 

449 

69s 

854 

1423 

1629' 
1626 
1501 
1 268 C m )' 

710 

i'6 77 

645 

283 

163. 

242 


(m) From this companion with Mr* Messier’s obfervations at Paris, which, 
makes the Lake of Geneva only 1168 feet above the level of the fea (whereas 
from 18 obfervations in Italy, near the fhore of the Mediterranean, it appears- 
to be 1*228, viz* 4-60 feet different) I am inclined to believe,, that Mr* Mes- 
sier’s place of obfervation is<about 50 feet higher than I have fuppofed it, viz*. 
160 feet above the fea inftead of 108, as deduced from three obfervations only at 
Boulogne, Calais, ancl at Dover. If this be allowed, the fame number of feet 
muft be added alfo to all the other heights that are determined by comparifon 
with Mr. messier’s obfervations. I am, however, by no means fare of this*, 
but leave it to future ob&rvers. 

(n) On one fide of this mountain is a little ft ream called Amangon, that 
joins the Yonne and the Seine, and thus goes to the Atlantic; while on the 
other fide is found the Quche, which, uniting with the Sa6ne and the Rhone* 
runs to the Mediterranean;; this part of Burgundy then feems to be one of 
the higheft in France. 
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Table of heights, &c. continued. 


“it or — the Above the 
Seine at Paris, Mediterranean, 


Paris, mean height of the Seine, - that is, quand Ies\ 
eaux fe trouvent a 13 pieds 9 pouces fur I'echelle du * 

Pont Royal felon M. be la lanbe, — J 

Place of my own obfervations in the Rue Jacob, fecond- \ 

floor, — — — 1 + S 7 

Mr. Messier’s obfervatory, at the Hotel de Clugny, ] 
firft floor, * — ~ — j 

Mr. be la lande’s ditto, at the College Royal, firft-floor, ior 

Place of Monf. le Pere cottes’s obfervations at Mont - 1 

morency, 10 miles- North of Paris, — J 333 

Stone-gallery of the Church on Mont Valerien* 473 

Depth of the cave of the Royal Obfervatory at Paris! .„ r 

below the pavement, — . — J 

The fame, according to Mr* be la ^ande, by aftual 1 « 

mealurement, — — — J 9 

Height of the north 'tower of the church of Notre 7 r 

Dame above the floor, — — J 2201 

— — by actual measurement, ~~ ~ ai5f 

Chantilly, " — — — •— 

Clermont, - — — — 

Amiens, Rue de Noyon, firft-floor, — ~ 

Abbeville, firft - floor, — *— — 

Below the mean 
height of the Seine. 

Boulogne, mean level of the fea, from one obferv. only, — 33. 9. 
Calais, ditto, from one obfervation, — — — 38.S 

Dover,, ditto, from- three obfervations made two years 7 , , 

preceding, thofe at Calais and Boulogne, — J 0 

Mean height of the river M Thames at London above') 


preceding thofe at Calais and Boulogne, — j 0 

Mean height of the river M Thames at London above ^ 

the mean height of the river Seine from five direft ? *4 6*8. ^ y 4 , 

** comparifons with Mr. messier,, — J 

And confequently the Thames at London above the fea,, ■ 43 , 

Warwick, mean level of the river Avon,- . — 155 

Shuckburglx-houfe, imWarwicklhire, — ~ $&0- 

( 0 ) By the mean height of the river Thames- is underftoed when the water' 
b 1 feet below the pavement in the left-hand arcade at Buckingkam^ftairs* 

4F& 
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XXX. An Account of the Bramin’s Obfervatory at Benares. 

By Sir Robert Barker, Knt. F. R. S.; in a Letter to 

Sir John Pringle, Bart. P. R. S. 

s i it, 

Read Ma y z 9j T 3 ENARES in. the Eaft Indies, one of the 
J_Jp principal feminaries of the Bramins or 
priefts of the original Gentoos of Hindoftan, continues 
ftill to be the place of refort of that fedt of people; 
and there are many publick charities, holpitals, and 
pagodas, where fome thoufands of them now refide. 
Having frequently heard that the ancient Bramins had a 
knowledge of affcronomy, and being confirmed in this by 
their information of an approaching eclipfe both of the 
Sun and Moon, I made inquiry, when at that place in 
the year 177a, among the principal Bramins, to endea- 
vour to get fome information relative to the manner in 
which they were acquainted of an approaching eclipfe. 
The moft intelligent that I could meet with, however, 
gave me but little fatisfadtion. I was told, that thefe 
matters were confined to a few, who were in pofleffion 
of certain books and records; fome containing the myf- 

teries 
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teries of their religion, and others the tables of aftro- 
nomical ohfervations, written in the Skanfkirrit lan- 
guage, which few underftood but themfelves : that they 
would take me to a place which had been conftrudted for 
the purpofe of making fuch ohfervations as I was in- 
quiring after, and from whence they fuppofed the 
learned Bramins made theirs. I was then conduced to am 
ancient building of ftone, the lower part of which, in its 
prefent fituation, was converted into a liable for horfes, 
and a receptacle for lumber; but, by the number of 
court-yards and apartments, it appeared that it mult once- 
have been an edifice for the ufe of fome public body of 
people. We entered this building, and went up a flair- 
cafe to the top of a part of it, near to the river Ganges, 
that led to a large terrace, where, to my furprize and 
fatisfadtion, I faw a number of inftruments yet remain- 
ing, in the greateft prefervation, llupendoufly large, im- 
moveable from the fpot, and built of ftone, fome of them 
being upwards of twenty feet in height; and, although 
they are faid to have been eredted two hundred years 
ago, the graduations and divifions on the feveral arcs ap- 
peared as well cut, and as accurately divided, as if they 
had been the performance of a modem artift. The exe- 
cution in the conftrudion of thefe inftruments exhibited 
a mathematical exa&nefs in the fixing,, bearing, and 

fitting; 
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fitting of the feveral parts, in the necefTary and ffifficient 
fupports to the very large ftones that compofed them, 
and in the joining and fattening each into the other by 
means of lead and iron. 

The fituation of the two large quadrants of the in- 
ftrument marked a in the firft plate, whofe radius is 
nine feet two inches, by their being at right angles with 
a gnomon at twenty-five degrees elevation, are thrown 
into fuch an oblique fituation as to render them the moft 
difficult, not only to conftrudt of fuch a magnitude, but to 
fecure in their pofition for fo long a period, and affords a 
ftriking inftance of the ability of the architect in their 
conftruttion ; for, by the fliadow of the gnomon thrown 
on the quadrants, they do not appear to have altered in 
the leaft from their original pofition ; and fo true is the 
line of the gnomon, that, by applying the eye to a fmall 
iron ring of an inch diameter at one end, the fight is 
carried, through three others of the fame dimenfion to 
the extremity at the other end, diftant thirty-eight feet 
eight inches, without obftruftion; fuch is the firmncfs 
and art with which this inftrument has been executed, 
top performance is the more wonderful and extraor- 
w&mwhen .compared with the works of the artificers of 
Hindoftan at this day, who are not under the immediate 

»V * ; 

direction 
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direftion of an European mechanic; but arts appear to 
have declined equally with fcience in the Eaft. 

Lieutenant-colonel Archibald Campbell, .at that 
time chief engineer in the Eaft India Company’s fervice 
at Bengal, a gentleman whofe abilities do honour to his 
profefiion, made a perfpedtive drawing of the whole of 
the apparatus that could be brought within his eye at 
one view ; but I lament he could not reprefent fome very 
large quadrants, whofe radii were about twenty feet, 
they being on the fide from whence he took his 
drawing. Their defcription however is, that they 
are cxad quarters of circles of different radii, the 
largeft of which I judged to be twenty feet, conftrudted 
very exactly on the fides of ftone walls built perpendi- 
cular, and fituated, I fuppofe, in the meridian of the 
place : a brafs pin is fixed at the center or angle of 
the quadrant, from whence, the Bramin informed me, 
they ftretched a wire to the circumference when an ob- 
fervation was to be made; from which it occurred to 
me, the obferver muft have moved his eye up or down 
the circumference, by means of a ladder or fome fuch 
contrivance, to raife and lower himfelf, until he had dif- 
covered the altitude of any of the heavenly bodies in 
their paftage over the meridian, fo expreffed on the arcs of 
thefe quadrants : thefe arcs were very exadtly divided into 
VOL. LXYII. 4 1 nine 
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nine large feCtions ; each of which again into ten, making 
ninety leffer divisions or degrees ; and thofe alfo into 
twenty, exprefling three minutes each, of about two- 
tenths of an inch afunder; fo that it is probable, they 
had fome method of dividing even thefe into more mi- 
nute divifions at the time of obfervation. 

My time would only permit me to take down the par- 
ticular, dimenfions of the molt capital inftrument, or the 
greater equinoctial Sun-dial, reprefented by figure a,-. 
plate i a. which appears to be an inftrument to exprefs 
folar time by the fliadow of a gnomon upon two qua- 
drants, one fituated to the eaft, and the other to the weft 
of it; and indeed the chief part of their inftrumcnts at this 
place appear to be conftruCted for the fame purpofe, ex- 
cept the quadrants, and a brafs inftrument that will be 
defcribed hereafter... 

Figure e is another inftrument for the purpofe of de- 
termining the exaCfc hour of the day by the fliadow of a : 
gnomon, which ftands perpendicular to and in the cen- 
ter of a flat circular ftone, lupported in an oblique fitua- 
tion by means of four upright ftones and a crofs-piece; 
fo that the fliadow of the gnomon, which is a perpendi- 
cular iron rod, is thrown upon the divifions of the circle 
defcribed on the face of the flat, circular ftone. 

,t:Si , 5 


Figure 
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l 1 tgtue c is a biafs circle, about two feet diameter, 
moving vertically upon two pivots between two ftone 
pillars, having an index or hand turning round horizon- 
tally on the center of this circle, which is divided into 
360 parts; but there are no counter divifions on the 
index to fub-divide thofe on the circle. This inftrument 
appears to be made for taking the angle of a ftar at fet- 
ting or riling, or for taking the azimuth or amplitude of 
the Sun at riling or fetting. 

The ufe of the inftrument, figure d, I was at a lofs to 
account for. It confifts of two circular walls ; the outer 
of which is about forty feet diameter, and eight feet 
high; the wall within about half that height, and ap- 
pears intended for a place to Hand on to obferve the divi- 
llons on the upper circle of the outer wall, rather than 
for any other purpofe ; and yet both circles are divided 
into 360 degrees, each degree being fub-divided into 
twenty Idler divilions, the fame as the quadrants. There 
is a door-way to pafs into the inner circle, and a pillar in 
the center, of the fame height with the lower circle, 
having a hole in it, being the center of both circles, and 
fecms to be a focket for an iron rod to be placed perpen- 
dicular into it. The divilions on thefe, as well as all the 
other inftruments, will bear a nice examination with a 
pair of compaffes. 

4 I 2 
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Figure e is a fmaller equinoftial Sun-dial, conftru&ed 
upon the fame principle as the large one a. 

I cannot quit this fubjecft without obferving, that the 
Bramins, without the aiTiftance of optical glaffes, had 
neverthelefs an advantage unexperienced by the ob- 
fervers of the more Northern climates. The ferenity 
and clearnefs of the atmofphere in the night-time in the 
Eaft Indies, except at the feafons of changing the mon- 
foons or periodical winds, is difficult to exprefs to thofe 
who have not feen it, becaufe we have nothing in com- 
panion to form our ideas upon : it is clear to perfection, a 
total quietude fublifts, fcarcely a cloud to be feen ; and the 
light of the. heavens, by the numerous appearance of 
the ftars, affords a profpect both of wonder and con- 
templation. 

This obfervatory at Benares is faid to have been built 
by the order of the emperor ackbar; for as this wife 
prince endeavoured to improve the arts, fo he wifhed all’o 
to recover the fciences of Hindoftan, and therefore di- 
rected that three fuch places fhould be erected; one at 
Delhi, another at Agra, and the third at Benares. 

Some doubts have arifen with regard to the certainty 
of the ancient Bramins having a knowledge in aftro- 
nomy, and whether the Perfians might not have intro- 
duced it into Hindoftan when conquered by that people; 

but 
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but thefe doubts I think muft vanifh, when we know 
that the prefent Bramins pronounce, from the records 
and tables which have been handed down to them by 
their forefathers, the approach of the eclipfes of the Sun 
and Moon, and regularly as they advance give timely in- 
formation to the emperor and the princes in whofe do- 
minion they refide. There are yet fome remains in evi- 
dence of their being at one time in pofleffion of this 
fcience. The figns of the zodiac, in fome of their 
Choultrys on the coaft of Coromandel, as remarked by 
john call, efq. f. r. s. in his letter to the Aftronomer 
Royal, requires little other confirmation. Mr, call lays, 
that as he was laying on his back, retting himfelf in the 
heat of the day, in a Choultry at Verdapetah in the Ma- 
dura country, near Cape Commorin, he difcovered the 
figns of the zodiac on the cieling of the Choultry : that 
he found one, equally compleat, which was on the del- 
ing of a temple, in the middle of a Tank before the pa- 
goda Teppecolum near Mindurah ; and that he had often 
met with feveral parts in detached pieces. See Philof. 
Tranf. 1 7 7 2, p. 553.. Thefe buildings and temples were 
the places of refidence and worfhipof theoriginal Bramins, 
and bear the marks of great antiquity, having, perhaps 
been built before the Perfian conqueft. Belides, when 
we know that the manners and cuftoms of the Gentoo 

religion 
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religion are fuch as to preclude them from admitting 
the fmalleft innovation in their inftitutions ; when we 
alfo know that their fafnion in drefs, and the mode of 
their living, have not received the leaft variation from 
the earlieft account we have of them ; it cannot be fup- 
pofed they would engrave the fymbolical figures of the 
Perfian aftronomy in their facred temples ; the figns of 
the zodiac muft therefore have originated with them, if 
we credit their tradition of the purity of their religion 
and cuftoms. 

Mr. eraser, in his Hiftory of the Mogul Emperors, 
fpeaking of time fays, “ the Lunar year they reckon 
« 354. days, 22 gurris, 1 pull; the Solar year they 
“ reckon 365 days, 15 gurris, 30 pulls, a 2^ peels; 60 
« peels making 1 pull, 60 pulls 1 gurri, and 60 gurris 
« t day.' This is according to the Bramins or Indian 
“ priefts, and what the Moguls and. other Mahomme- 
“ dans in India chiefly go by.” 

Thus far Mr. fraser; and it ferves to ftrengthen the 
argument for fuppofing that the Bramins had a know- 
ledge of aftronomy before the introduction of Maho- 
metanifm into Hindoftan. 


Dimenfions 
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Dimenfions of the larger equinoctial Sun-dial, plates 

13. and 14,. 


Length of the gnomon at the bafe bb, 

Oblique length of the gnomon cc y 

Radius of the quadrants a a, 

Height of the gnomon at d, 

Breadth of the quadrants ff 9 

Thicknefs gg, 

Breadth of the gnomon bb, 

Whole extent of the inftrument //, 

Latitude of the place taken by double altitude 


Feet, la, 

34 8 

38 8 

9 2 

22 3 

5 10 
1 o 
4 6 

37 4 


I am, 8ec. 
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XXXI. A Jhort Account of Dr. Maty’s Illnefs , and of the 
appearances in the dead Body, which was examined on 
the 3 d of July, 1776, the Day after his Deceafe. By 
Dr. Hunter and Mr. Henry W atfon, FF. R. S. 


Read May 1, A BOUT two weeks before he died, he 
1777 - A was taken with a fit of violent oppref- 
-five pain, juft above the pit of the ftomach, which made 
him feel as if he was very near dying. He was bled, 
.and gradually recovered; yet fo imperfeaiy, that any 
motion of his body, or any preffure upon that part with 
the point of a finger, inftantly brought on fuch oppref- 
five pain, that he was convinced the ieaft addition to what 
he had feveral times felt, muft have put an end to his 
life. He had an idea that there might be a colleaion ot 
fatter behind the fternum, which might be difcharged 
iby fome chirurgical operation. 

■%pon- examining the part, which with the whole 

emaciated, there was no protmfion 

iof iilc|iOBrati^., All thoughts of making any perfora- 
were iaiff^aej and it was thought probable, that 
'iiiwe was fome inflammation or adhefion of the pencar- 

iM# 1 -';'. > : : dium 
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dium, or of the heart itfelf, at its anterior part, juft above 
the diaphragm. His cough was almoft inceftant in the 
night ftnee he had left off the ufe of opium, to which he 
had been long accuftomed. For feven or eight years, he 
laid, he believed he might have had twenty purging 
ftools in every twenty-four hours, from a complaint in 
his bowels, the principal feat of which he pointed out fo 
exactly in his emaciated ftate, that it was obferved at the- 
time it muft be in the colon, where it paffes down on the 
outlide of the lower end of the left kidney. It was there- 
fore thought probable that there was contraction with 
internal ulceration of the gut at that place : and about 
three years ago, with this complaint, which always con- 
tinued in his bowels and left fide, he had a fiftula in ano, 
for which he was cut, and thereby cured of that diforder; 
but from that time, he was always fenfible that the 
lower part of the rectum remained in an awkward, un- 
eafy ftate, fo that it was difficult and painful to pafs a 
common glifter-pipe into it. 

Ilis medical friends were of opinion, that no more 
could be done for him than to palliate, and to procure 
cafe and deep. He returned to his opium, of which he 
took one grain twice a day; and at times was thereby 
mufch relieved and comforted. 

’ YOL. LXVII. 4 K 
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The heart and lungs were examined with great care f 
but there was hardly any appearance of diforder in either, 
contrary to what was expected. 

The conjecture that had been formed about the com- 
plaint in the bowels proved to be perfectly juft. The 
fmall inteftines were apparently pretty found ; the ccecum 
and beginning of the colon were much diftended with 
air, but not inflamed. The arch, or tranfveife turn of 
the colon, was likewife much diftended, and its blood- 
veftels were fo loaded, that there was, at firft fight, the 
outward appearance of an internal inflammation. The 
enlarged part of the colon terminated at the lower end of 
the left kidney, where there was an annular ftriCture on 
the outflde of the gut, and there the gut felt hard and 
flefliy. The enlarged part being flit up, was much#n- 
flamed and fuperficially ulcerated on the infide, and 
more in proportion towards the lower end. At the ftric- 
ture there was but a very fmall paflage left, winding ir- 
regularly through an inch and an half of hard ulcerated 
gut; Below this, where the colon pafles over the pfoas 
and iliac veflels, it was in its natural ftate ; but the redhim 
had been at Tome former time very much difeafed, and 
for a finger’s length to within two inches of the anus 
was contracted to ahnoft a goofe-quill lize, and of a livid 
colour.. The lower, two inches were not fo much con- 
tracted,.. 
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trailed, but of the fame livid colour, and the furface of 
the gut there was almoft as unequal as the fafciculated 
lurfaces in the heart ; the effedt, probably, of univerfal 
ulceration there, which had been a part of, or a compa- 
nion to, the fiftula, of which he had been cured by the 
operation; for, on that part, the villous coat of the in- 
teihne was deftroyed. 


TO this account, more particularly of the two lad: 
weeks of Dr. maty’s illnefs, and of the appearances upon 
opening the body, as drawn up by Dr. hunter, I fhall 
beg leave to add the few following remarks. 

The heart and lungs were indeed neither of them 
effentially difeafed ; yet there was a whitifh fpot, about 
the breadth of a fix-pence, upon the right ventricle of 
the heart, near its apex; a rough border on the left fide, 
of the diaphragm, as if the lungs had been glued to that 
part and torn off again ; a partial adhefion of the lungs 
to the pleura; and a little purulent fluid within the peri- 
cardium. Certainly thefe were fome figns of a flight in- 
flammation having attacked the membranes invefting 
the contents of the thorax. Neither can we fuppole fuch 
appearances to have exifted without occafioning fome 
unealinefs: they were, perhaps, fuffici^nt to account for 

4 K 2 that 
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that great tendemefs and oppreffive pain which the 
dodtor felt from the leaft preffore on the fternum, or 
upon any part of the breaft near it. 

The principal feat of the difeafe which proved fo te- 
dious, and in the end fo fatal, was, no doubt, confined to 
the colon only; and it was entirely within the gut. The 
part firft affedted muft have been that portion of the 
canal in which we obferved the moft mifchief. The fu- 
perficial extent of the difeafe over fo large a furface as 
the whole arch of the colon, and the more formidable 
ippearanee of it, in only a few inches of the fame gut, 
diftinguifhed the part where the difeafe firft began, and 
where it muft have had its longeft duration. 

The caufb of all this mifchief was conjectural with 
' Dr. maty himfelf. Had it arifen, as he fufpetted, from 
having braifed his fide with the hilt of his fword, we 
then fhould have found the gut injured from without 
inwards. But is it not moft likely, that a little bit of 
bone, the ftone of fruit, feme fharp or hard body, in 
palling, had injured the gut fo much, as today a founda- 
tion for all the growing complaints? Nearly the fame 
appearances have been obferved in the oefophagus from 
©nly a hard cruft of bread lodging for a time in the paf- 
fege; which, after being forced down,, was fucceeded by 
great foienefs,, inflammation, ulceration, and at length. 

S fo 
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fo complete an obftru&ion, as to occafion the death of the 
patient; of which I once faw a very deplorable inftance. 

The ulcerated inteftine is a difeafe generally, as in the 
cafe before us, flow in its progrefs, but certainly fatal. 
An accumulation of acrid matter, confined air, lolid in- 
gefta, in fliort any thing capable of flretching, irritating,, 
or hardening the gut, will fpread and increafe the difeafe. 

The fafciculated appearance in the reftum is what I 
have once met with in a very found gut,, where the vil- 
lous coat was not in the leaft injured; it is therefore 
fometimes an original conformation, but apparently un- 
neeefiary, as the gut, we may prefume, would perform 
its office mnch more agreeably without it. 

H. WATSON. 
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XXXII. An Account of fome Experiments made with an 
Air-pump on Mr. Smeaton’s Principle ; together with 
fome Experiments with a common Air-pump. By Mr. 
Edward Nairne, F. R. S. 


&ead June 12, A $ the following experiments were made 
- L principally to try the performance of 
Mr. smeaton’s pear-gage, it may be proper to defcribe 
it, which I fliall do in his own words, taken from the 
Phil. Tranf. for the years 1751 and 1752, vol. XLVII. 
p. 420. 

u I have found,” fays Mr. smeaton, “ the gages that 
u have been hitherto made ufe of, for mealimng the 
“ expanfion of the air, very unfit to determine in an ex- 
“ periment of fo much nicety ; I have therefore con- 
Xi trived one of a different. fort, which meafures the ex- 
panfion with certainty to much lefs than the 1 oooth 
“ part of the whole. It confifis of a bulb of glafs, fome- 
M .thing in the fhape bf a pear, and fufiicient to hold 

“ about 
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a about half a pound of quickfilver : it is open at one 
w ' end, and. at the other is a tube, hermetically clofed 
“ at the top.. By the help of a nice pair of feales I found 
“ what proportion of weight a column of quickfilver, of 
tl a certain length,, contained in the tube, bore to that 
iC which filled the whole veffel : by thefe means I was 
u enabled to mark divifions upon the tube anfwering to 
“ a 1 oooth part of the whole capacity; which, being 
“ about one-tenth of an inch each, may, by eftimation, 
a be eafily fub-divided into fmaller parts.. This gage, 
“ during the exhaufting of the receiver, is fufpended 
“ therein by a. flip wire. When the pump is worked, as 
“ much as fliallbe thought neceffary, the gage is puflied 
“ down till the open end is immerged in a tiftern of 
u quickfilver placed underneath; the air being then let 
“ in, the quickfilver will be driven into the gage till the 
u air remaining in it becomes of the fame denfity with 
u the external, and. as the air always takes the higheft 
“ place, the tube being uppermofi, the expanfion will.be 
u determined by the number of divifions occupied by 
u the air at the topi 

u The degree, to which I have been able to rarify the 
a air in an experiment,, has generally been- about 1000 
^ times, when the. pump is put clean together; but the- 
„ u moiftu r e 



6 1 6 Mr. nairne’s Account of 

6i moifture that adheres to the infi.de of the barrel as 
<{ well as other internal parts, upon letting in the air, is 
(i in the fame fucceeding trials worked together with the 
“ oil, which foon renders it fo clammy as to ohftrudb 
u the actions of the pump upon a fluid fo fubtil as the 
u air when fo much expanded ; but in this cafe it feldom 
({ fails to a< 5 t upon the air in the receiver till it is ex- 
- Sl panded 500 times.” Thus far Mr. smeaton’s ac- 
count. 

The pump with which the chief of the following ex- 
periments were made, had the leather of its pifton foaked 
in oil and tallow (and oil in the barrel) and every pre- 
caution was taken that no water fliould get into the 
working parts of the pump, except what might arife in 
vapour from - the fuhftances which were under the 
receiver. 


•K X PERI M E N T I. 

Having provided a pear-gage agreeable to Mr. smka- 
*|on , s defcription, on which the fpace of a 4000th part 
'ef 'the whole capacity was two-tenths of an inch; this 
gage^tc^ether with a glafs cup which ferved as a ciftem 


to 
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to hold the quickfilver for it, was put under a receiver; 
which receiver was placed on a leather foaked in oil and 
tallow, 011 the plate of the pump. 

I nuift obferve here, that the foot of the glafs cup, 
which held the quickfilver for the pear-gage, being 
broken off by an accident, another foot, made of a piece 
of box-wood, was cemented to it. The reafon of men- 
tioning this circumftance, which may feem trifling, will 
appear in the fixth experiment. The pump was then 
worked, and the pear-gage was pufhed down till its 
open end was immerfed in the quickfilver in the cups 
the air being then let into the receiver, it forced the 
quickfilver into the gage till it was filled within a 4000th 
part of the whole, fo that by this gage the pump ap- 
peared to have expanded the air 4000 times. To what 
it might be owing that this pump, which was on Mr, 
s meat on’s principle, fhould expand the air 4000 times 
inftead of only 1000 as Mr. smeaton’s, I could not even 
fiprmife. 

Having the pleafure of knowing Mr. smeaton, and 
being well acquainted with his great abilities in pnuftice 
as well as theory, I could not imagine that this apparent 
fuperiority could proceed from our having executed the 
various parts of the pump in a more perfeft haanner than 

Vol. XjXVII. 4L 
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he had done. 1 therefore determined, for greater cer- 
tainty, to fee if the fault might not be in the gages ; and 
for that purpofe I repeated the experiment with the 
fyphon-gage, and both the long and fliort barometer- 
gages, and found that the feveral degrees of exhauftion 
indicated by thefe, were very different from that which 
the pear-gage had indicated: no conclufion, therefore, 
could be drawn from this experiment. 

I determined next to compare again this pear-gage 
with the long and fliort barometer-gages with all the ac- 
curacy I was matter of: and firtt, left the tubes of thefe - 
barometer-gages- might not be perfectly clean and free- 
from moifture, 1 had Come tubes made at the glafs houfe ; 
and as foon as they were brought home, which was, 
within an hour after they were made, two of them, which , 
were of the fame- fize,. were filled- with diftilled quickfll- 
ver; and then the quickfilver was carefully boiled in the- 
tubes the whole length, which was about thirty-fix inches : 
I then cut off about fix inches from the fealed end of one 
of the tubes, and took care to keep it perfedtiy full of the 
boiled quickfilver; it was then-inverted into a glafs cittern 
containing boiled quickfilver; and' a piece of very thin 
fvory, about half an inch in length, with divifions on its 
edge, was put over the tube, fo as to. float on the lurface 

of, 
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of the quickfilver in the cittern, by which means the dif- 
ference of the two furfaces could be feen to a great nicety. 
This kind of gage is called the fhort barometer-gage. 

The other tube, which was cut off to thirty-three 
inches, being perfe&ly full of the boiled quickfilver, was 
alfo carefully inverted into a glafs cittern containing 
boiled quickfilver, to fuch a depth that from the furface 
of the quickfilver in the cittern to the top of the tube was 
twenty-nine inches; this had likewife a piece of ivory, 
with divitions on it, put over the tube, fo as to float on 
the furface of the quickfilvei in the cittern, in the fame 
manner as the other. 

This long tube and the fhort barometer-gage being 
put both of them at the fame time under the receiver, 
which was carefully cemented to the plate of the pump; 
the pump was then worked for ten minutes, and the fur- 
face of the quickfilver in both the tubes came down very 
nearly to within one-twentieth or five hundredth parts of 
an inch of the furface of the quickfilver in their refpec- 
five citterns. 

The air was then let in, and the receiver being taken 
from the pump, the long tube was raifed up fo far in the 
cittern as to let the quickfilver come down from the top 
of the tube, fo that it now became a common barometer. 
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and its height from the furface of the quickfilver in the 
cittern, meafured thirty inches ; which agreed exactly 
with an open cittern-barometer I had in the room. The 
quickfilver in the tube of this barometer was alfo boiled, 
and the meafure the fame. 

The quickfilver was then emptied out of this long 
tube, and the fealed end being cut off, it was then ce- 
mented to a piece of brafs, by which means it was fcrewed 
to the air-pump; and the lower end being immerfed in a 
cup of boiled quickfilver, it then made that kind of gage 
where the air is taken from the top of the tube, and 
which is called the long barometer-gage. This gage 
being fixed the pump, and the fliort barometer-gage 
put on the plate of the pump under a receiver, the re- 
ceiver was cemented to the plate of the pump, and the 
pump worked for ten minutes as before. The quickfil- 
ver in the fliort barometer-gage fell now nearly to within 
one-twentieth or five hundredth parts of an inch of that 
in the ciftern^ and the quickfilver in the long gage rofe 
nearly to within a twentieth or five hundredth parts of an 
inch of the height it was at when it was made as a, com- 
mon barometer. 

Gages made with thefe precautions feem to me to be 
the mofi: to he depended upon, in determining the actual' 

diminution 
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diminution of the prefiure on the furface of the quick- 
fiiver in the tube of the long gage, and alfo on the fur- 
face of the quickfilver in the cittern of the Ihort gage. 
But of thefe two gages the long barometer-gage was 
chiefly ufed in the following experiments, as being fixed 
to the pump: however, having now made thefe two 
gages with as much accuracy as I was matter of, and 
finding that they agreed pretty nearly, I proceeded to 
repeat my firft experiment. 


EXPERIMENT II. 

I put the Ihort barometer-gage, and the pear-gage 
with the glafs cup having a wooden foot, both toge- 
ther under the receiver, which receiver was placed on a 
leather foaked in oil and tallow on the plate of the 
pump; the pump was then worked for ten minutes, and 
the quickfilver was brought down in the ihort barome- 
ter-gage to about one-tenth of an inch of the furface of 
the quickfilver in the cittern, and rofe in the long baro- 
meter-gage to within one-tenth of an inch of the height 
of the quickfilver in my ftandard barometer, which was 

at that time at thirty inches; by which it appeared, that 

t h e 
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the prefiiire on the furface of the quicksilver in the 
cittern, and in the tube of the long barometer-gage, was 
diininiflied to about a three-hundredth part : the pear- 
gage being how pufhed down till its open end was im- 
merfed under the furface of the quickfdver in the cup, 
the air was then let in, and the pump appeared by that 
gage to have exhaufted all but a fix thoulandth part of 
the air; or, in other words, the degree of exhauftion by 
this gage appeared to be fix thoufand times. 

Finding ftill this difagreement between the pear-gage 
and the other gages, I tried a variety of experiments ; but 
none of them appeared to me fatisfadlory, till one day in 
April 1776, die wing an experiment witii one cf thefe 
pumps to the honourable henry cavendish, Mr. 
smeaton, and feveral other gentlemen of the Loyal 
Society, when the two gages differed feme thoufand 
times from one another, Mr. cavendish accounted for 
it in the following manner. “ It appeared,” he faid, 
“ from fome experiments of his father’s, Lord charges 
“ cavendish, that water, whenever the preffure of the 
“ atmofphere on it is diminhhed’ to a certain degree, is 
immediately turned into vapour, and is as immediately 
u turned back again into water on reiloring the prel- 
u fure. This degree of preffure is different according to 
“ die heat of the water: when the heat is 72, 0 of fah- 

“ renheit’s 
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a ]' fiNHeit’s fcale, it turns into vapour as foon as tire 
“ p'-flure is no greater than that of three quarters of an 
“ inch of quickfilver, or about one-fortieth of the ufual 
“ preffure of the atmofphere; but when the heat is only 
“ 4 l °) tlle preffure muft be reduced to that of a quarter 
u of an inch of quickfilver before the water turns into- 
“ vapour. It is true, that water expofed to. the opren air; 
“ will evaporate at any heat, and with any preffure of 
“ the atmofphere; but that evaporation isintirely owing 
a to the adtion of the air upon it : whereas the evapora- 
u tion here fpoken of is performed without any afflftance- 
a from the air. Hence it follows, that when the receiver 
a is exliaufted to the above-mentioned degree, the moifi- 
a ture adhering to the different parts of the machine 
a will turn into vapour and fupply the place of the air,, 
“ which is continually drawn away by the working, of 
“ the pump, fo that the fluid in the pear-gage, as well as 
a that in the receiver, will confift in good meafure of va- 
« pour. Now letting the air into the receiver, all the 
“ vapour within the pear-gage will be reduced to water r 
« and only. the. real, air will remain uncondenfed; confe- 
« quently the pear-gage fiiews only how much real air 
to i s left in the receiver, and not how much the preffure- 
« ox fpring of the included fluid is diminiihed, whereas- 
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“ the common gages Ihew how much the preffure of 
“ the included fluid is diminifhed, and that equally, 
4C whether it conflft of air or of vapour.” 

Mr. cavendish having explained fo fatisfa&orily the 
caufe of the difagreement between the two gages, I con- 
iidered, that, if I were to avoid moifture as much as pofli- 
hle, the two gages fliould nearly agree ; this induced 
me to make the following experiment. 


EXPERIMENT III. 

The plate of the pump being made as clean and as 
dry as poflible, there was then put on it the before- 
mentioned fliort barometer-gage, alfo the pear-gage 
with a tiftern entirely of glafs which held the quick- 
lilver; they were then covered with a receiver, round 
the outlide of which was laid a cement which per- 
fectly excluded the outward air; every part, before it 
was put under the receiver, as well as the receiver itfelf, 
being made as clean and as free from moifture as poffi- 
ble A; . The pump was then worked for ten minutes, 


(a) It may be proper here to take notice, that the pump in every experiment 
hereafter mentioned was worked ten minutes, and the fame receiver continued, 
cemented to the pump-plate, except where it is otherwife mentioned. The top 
part of this receiver was made to open, in order to put in different things, 

3 and 
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and the barometer-gages indicated a degree ofexhauftion 
nearly 600; the air was then let into the receiver, the 
pear-gage indicated a degree of exhauflion, but very 
little more than 600 alfo. The near agreement of the 
pear-gage with the barometer-gages in this laft experi- 
ment, in which I had been fo careful to exclude the 
moifture as much as pofiible, feemed to prove beyond a 
doubt, that their difagreeing in the firft and fecond ex- 
periments mult have been owing (as Mr. cavendish fup- 
pofed) to the moifture which in them had not been fo 
carefully excluded. But I began now to fulpedt alfo, that 
there might arife a vapour from fome moifture that 
might be contained in the leather foaked in oil and tal- 
low, or in the wooden foot which was cemented to the 
glafs cup, both ufed in the firft and fecond experiments ; 
•thele fufpicions induced me to try the following experi- 
ments. 


experiment iv. 

A piece of leather dreffed in ahum, known by the 
name of white fheep-fkin, of about four inches diame- 
ter, which had been foaked in oil and tallow about a year 
ago (fuch as was ufed to place the receiver on in the firft 
and fecond experiments) was put into the receiver ; the 
YOL. LX VII. * 4M P um P 
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pump was then worked, and the barometer-gage indi- 
cated. a degree of exhauftion of nearly 300 ; bnt on the 
admiffion of the air the pear-gage indicated a degree of 
exhauftion of 4000, 

experiment v; 

The piece of leather being taken out, the pump was 
then worked, and the degree of exhauftion appeared by 
both the barometer and pear-gages to be about 600, as 
in the third experiment. 


EXPERIMENT 'VI. 


A cylinder made of a piece of box wood (-which I had 
kept by me for more than a year) one inch in diameter 
and three inches in length, was put into the receiver 
(this piece of wood was of the lame kind as that which 
was cemented to the foot of the glafs cup ufcd in the firft 
and fecond experiments) the pump was then worked, 
and the degree of exhauftion appeared by the barometer- 
gage to be 300, but by the pear-gage 16,000. 

Thefe experiments have often been repeated, but the 
refult was feldom the fame. When leather foaked in oil 
and tallow has been put into the receiver, the pear-gage 
has fometimes indicated a degree of exhauftion of 

20,000, 
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amp. 


50jOOO, and fometimes no more than 500; it likewife 
«r 1 Ulcrs very much with the box wood, which may per- 


haps be owing* to differs 


r.'C degree 


■s of heat and me 




b'rom tliefe experiments it is evident, that there arifes 
an claflic vapour from the leather drefied in allum and 
leaked in oil and tallow, and alfo from the piece of box 
wood, when the weight of the atmofphere has been 
partly taken off by the adtion of the pump; and that this 
vapour prefles upon the furface of the quicklilver in the 
tube of the long barometer-gage, and of that in the cif- 
tern of the fhort one; and that, confequently, the tefti- 
mony of both thefe gages mull be influenced by this 
vapour, as well as by the fmall remainder of common 
air: but as it is the nature of the pear-gage not to give 


its teftimony till the remaining air contained in it is 
preffed, fo as to become of the fame denfity of the atmo- 
fphere; and as this vapour cannot fubfift in the form of 
vapour under that preflure, this gage is not at all in- 
fluenced by it, but indicates the remaining quantity of 
permanent air only. 

Seeing thus what a considerable quantity of vapour 
arofe from the compound of leather, allum, oil, and tal- 
low, my next objeeft was to find out from which of thole 
fubftances it chiefly arofe; how far I have fucceeded will 
appear by the following experiments. 

4 M % 


Sub- 
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Weight 
when put 

« n f 1 i 

Degree of exhauf- 
tion according to 

A 

fJUL/UdllLvb pul HILO rCCvIVCl t 

I 14 .IL? LUO 

1 eceivcr. 

Barom. 

& a S e * 

Fear- 
si a at*. 

exp. vii. Tallow, — — 

2 ounces 

43 1 

Loo 

EXP. VIII. Oil, — — 

.2 ounces 

377 

480 

exp. ix. Allum, — _ — 

2 ounces 

3 73 

580 

Kay?, x. A piece of leather as it came from the \ 
leather-fellers* — — — J 

exp. xi. The fame piece of leather foaked ^ 

100 grains 

IS? 

100,000,.* 

in the fame two ounces of tallow and oil i 
melted together, * — *— J ! 

i 

43? : 

800 


From thefc experiments it appears, that the elaftic 
vapour which, caufed fo great a difference, in the tefti- 
mony of the gages,, arofe principally from the leather, 
and but little from the tallow,, oil,, or allum : it even ap- 
pears by the tenth experiment, that it came from the 
leather, and fupplied the place of the exhausted air fo 
faft, that I could not (at leaft in the ten minutes) make 
the barometer-gage indicate a degree of exhauftion of 
of more than 1 5 9 ... 

To determine whether it was the moifture in the lea- 
ther from which the vapour arofe, I made the following 
experiments* 


Sub- 
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Subftances put into the receiver* 

Weight 
when put 
into the 
■receiver. 

Degrees of exhauf* 
tion according to 

0 

r 

Barom. 

gage. 

Pear- 

gage- 

jexp. xii. A piece of white lea 
ther, freih from the leather- l 

1 00 grains 

13 4 

100,000 

fillers, — — J 

exp. xrn. The fame piece of \ 
leather, dried by tiie fire till 1 
it would lofe no more of its j 

80 grains 

268 

280 

weighty — ~ J 

Exp. xiv. The fame piece of** 
leather held in the fteam of 
hot water till’ it had regained > 

1 Oo grains 

*47 

100,000' 

the 20 grains it had been de.- 
prived of, — — 



Variation In- 
weight 
during the 
experiments* 


loft 2 grains* 


gained 2 grs* 


loft 2 grains- 


In this laft experiment it was. full three quarters of an 
hour before the leather regained the twenty grains of 
weight, although it was held very near the furface of 
the hot water*. 

Whenever I have- aiierted,, that the degree of exhaus- 
tion, accordingto the pear-gage, was fo great as 1 oo,ooo,. 
I only guefled it to be thereabouts, for my gage is not 
graduated- to- more than 400.0 i but,, that it may he feen 
what reafon I had to fuppofe it at 100,000, I have 
brought my pear-gage filled in this laft experiment, for 
tie infpecftion of the gentlemen prefent.. 


experiment xv.. 

The fame piece of leather ufed in the eleventh expe- 
riment was put into a damp cellar, where it was lefi tilf 

■ ' ' the 
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the next day; it was then put again into the receiver, 
and the degree of exhauftion, according to the barometer- 
gage, was 300, and according to the pear-gage 3500. 

Being now perfectly Satisfied that the variation in the 
teflimony of the pear and barometer-gages was occa- 
sioned by the moilture contained in the iubltances I had 
put into the receiver afluming the form of vapour ; I 
determined next to try what would be the effedt of the 
vapour which might arife from fmall quantities of dif- 
ferent fluids, and from fome other fubftances containing 
moifture of various kinds. 


Subftances put into the receiver. 


exp. xvi. Water in a watch-glafs, 
exp,, xvn. Water in a glafs cup,\ 
diameter two inches, — J 
exp, xvin. Spirit of wine in ] 
'the fame cup, — J 
EXP, xix. Vitriolic acid, — 
flt-xp. xx. A piece of the Inlitle 1 
of a china orange with fomc r 
of the rind, — J 

jexp. xxi. A piece of the infidel 
of -an onion, — J 

exp, xxii. A piece of tainted beef, 
exp. xxin. A piece offrefh beef, 
exp* xxiv* Spirit of turpentine, 
xxp. xxv, Pearl~a£h, , , — 
exp. xxti. The fame pcarl-afli 1 
made very hot, — J 1 

exp. xxvii, A lighted- candles 
held in the receiver till it went > 

1 €>1H^ . J 


Weight 
when put 
in. 

Degree of exhauft- 

ing according to 

1 ... 

Change in 
weight 
during the 
experiment. 

Barom. 

g a S c - 

Fear- 1 
gage. 

3 grains 

1 48 

24,000 

loft 1 1 grain* 

i oo grains 

89 

8000 

loft 2 grains* 

i oo grains 

54 

6000 

loft 9 grains* 

ioo grains 

340 

220 

gained j gr* 

ioo grains 

160 

100,000 

loft 2] grs. 

too grains 

160 

100,000 

loft 1 1 grain. 

ioo grains 

152 

O 

O 

O 

cf 

0 

i— i 

loft a] grs* 

i oo grains 

136 

.100,000 

loft 2$ grs. 

ioo grains 

3 °l 

1800 

loft 2 grains* 

2 ounces. 

1x8 , 

5000 


> 

198 

420 


i ' 

297 

. 1800 



Sub- 
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Subftances put into the receiver. 


exp. xxvin. A piece of charcoal, 
exp. xxix. The receiver heated 
by holding feveral pieces of 
lighted charcoal in it, and 
then the above piece being \ 
-thoroughly lighted was put 
into the receiver, and the 
pump worked, 

exp. xxx. Camphire, — 

exp. xxxi. Sulphur made to burn! 
on a piece of brafs, — j 


Weight 
when put 
in. 

Degrees of exhauft- 
ing according to 

Change in 
weight 
during the 
experiment* 

Barom. 

gage. 

Pear- ’ 
gasre. 

* 

129 

l800 



65a 

600 

j 


1 00 grains 

j 

3 ° 4 

247 

520 

320 

* 

J loll barely 

1 1 a grain. 


Obferving by thefe experiments that the fmall quan- 
tity of moifture which exhaled from the fubftances un- 
der the receiver prevented the pump from exhanfting it 
to any very conliderable degree, I began to fufpect that 
whenever wet leather had been ufed to conned! the re- 
ceiver with the plate, there muft have rifen fo great a 
quantity of vapour as to have prevented the degree of 
exhanftion from being near fo great as in fome of the* 
foregoing inftances. Thefe fufpicions induced me tm 
make the following experiments.. 
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Degrees of exhaui- 
i tion according to 


Barom. 

gage. 

Pear- 

g a g<-'- 

exp. xxxii. The receiver was taken off, and after then 
cement was wiped clean from it, and every part made 1 

nearly 600 

full 600 

perfectly dry, it was put again on the pump-plate, | 
and a little oil only was poured round the outfideedge, J 
exp. xxxiix. The receiver was taken off again, and in- , 
Read of the oil it was fet on a piece of leather, l 

51 

1 6*000 

•which had been foaked two days in water, _ — j 
exp. xxxiv. The laft experiment .repeated -with tlrel 
fame piece of leather, — *— J 

5 ^ 

1500 

exp. xxxv. The laft experiment repeated again with! 
the fame piece of leather, — — J 

5 1 

1000 

'exp. xxxvi. The receiver was taken off, and inftead ofv 
the leather foaked in water, there was put on a piece of 1 
the fame fort of leather, foaked in a mixture of water j 

47 

12*000 

and fpirit of wine, fuch as Mr. smeaton ufed, ' 

:exf. xxxvn. The laft experiment repeated with the! 
fame leather, — _ — - — J 

47 

05a 

exp. xxxviii. The laft experiment repeated again with ■[ 
the fame -leather, — — / 

1 47 

500 


The great difference in the teftimony of the pear-gage 
in thefe fix laft experiments appeared to me exceedingly 
aftonilhing, for the leathers feeme^l each of them to be 
as moift at laft as at firft. 

By thefe experiments I was convinced how effe&ually 
the nfe of leather foaked in water, or in water and fpirit of 
wine, prevents the pump from exhaufting to any confi- 
•derable degree. I have made a number of experiments of 
: the fame kind as thefe; but have nevfer been able to ex- 
hauft, under fuch circumftances, to a greater degree than 
ibetween 50 and 60, when the heat of the room was 
Wit** 3 about 
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about 57 ° by a thermometer of Fahrenheit’s fcale: but 
the following experiments will ihew how much feme 
different degrees of heat a£Fe£t the degree of exhauftioa. 


EXP, xxxix. Receiver fet on leather which had 
lain ail night in water, — 

3 SXP. xl. Receiver fet on a leather foaked all- 
night in two parts water and one of fpirit of 
wine, • — * — — 


Height 
of the 
Therm. 

Degrees of exhauf- 
tion according to 

_A 

( 

Barom. 

Pear- 


gag e - 

ga-e. 

46 

84 

20,000 

46 

76 

8000 


The pump having been put in a room of the heat of 
57 0 of Fahrenheit’s fcale for feven hours , together* 
with the leathers put in the fame water and the fame 
fpirit of wine and water which they had been foaked in 
all night, and which had been ufed in the two laft expe- 
riments, the following experiments were made. 



Exp. xli. The receiver fet on the leather 
foaked in water, — — - 

MxK xl 11, Receiver placed on a leather foaked 
in water and fpirit of wine, — 


Height 
of the 
Therm, 


[Degree of exhauf- 
ti on according to 


r 

harom, 
gage, • 


Fe ar~ 
gage. 


'i, 


57 


56 


16,000 


5 7 


49 


1200 


The following table will foew the comparative excel? 
lency between the pump on Mr., smeaton’s principle 
with which the chief of thefe experiments haverfl^N 

iL. LXVII. +N tried. 
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tried, and one of my common double barreled table air- 
pumps wider the fame circumftances. The leather on; 
the piftons of both was foaked in oil and tallow, and the 
receiver cemented down to each plate; the pumps were 
both of them freih oiled. 


Ipcp.xuni* Apieceof kather,weigh- 1 
ing roo grains* as it came from j 
the leather- fellers, was put into I 
the receiver of each pump, both ' 
pieces being cut from the fame , 
flrin clofe by each other, ‘ — 
m&. xliv. The fame pieces of lea- ^ 
ther dried by the fire till they I 
Would Me m more of" their j 
weight, — — J 


Pump on Mr. smea- 
ton’s principle* 
Degrees of exhaus- 
tion according to 

.A • .. 

Common pump* 

.Degrees of exhaus- 
tion according to 

— A 

f 

Barotn. 

Pear- 

r™— — 

Barom. 

i; if 

1 rear- 

gage. 

: g a g e * 

gage- 

gage* 

IS2 

I QO, OOP 

xo8 

12,000 

5 ° 6 . 

t 

520 - 

160 

i l6 5 

i 


The following experiments will fliew the effect of 
water ufed in the barrels of pumps to make the piftons 


move air tight in them. 

I took the lame common air-pump ufed in the laft. 
experiment, and having taken off the leathers foaked in 
oil and tallow from the piftons of this pump,, and wiped 
the barrels a.s clean as poflible, I then, put new leathers, 
which hadbeem foaked in water, and mew bladder valves ; 
the receiver Was then cemented to: the pump-plate as 
before.. " - * ■ , 

.<>< ,• . & EXP. 



fame Experiments made with an Air-pump. 63$; 



| Degrees of exhawf- 
I cion according to 

r mm. 


( 

, Baroai. 1 
g a g e - 

. Pear- 
gage. 

Exp. XL V* The pump was then worked as ufual, — 
lEXP. XL Vi. The lafi experiment repeated with another n 

37 


common pump, the leathers of the piftons of which > 
were alfo foaked la water, — » — J ■ 

3# 

37 

! 


From tliefe experiments it evidently appears, that the 
air-pump of otto guericke, and thofe contrived by 
Mr. gratorix, and Dr. hooke,. and the improved one 
by Mr. pappin, both ufed by Mr. boyle, alfo hauks- 
eee’s, s’gravesande’s, muchenbrook*s, and thofe of all 
who have ufed water in the barrels of their pumps, could 
never have exhaufted to more than between 40 and 50, 
if the heat of the place was about 5 7 ; and although. 
Mr. smeaton, with his pump, where no water was in 
the barrel, but where leather foaked in a mixture of water 
and fpirit of wine was ufed to fet the receiver on the 
pump-plate, may have exhaufted all but a thoufandth or 
even a ten thoufandth part of the common air, according 
to the teftimoliy of his pear-gage; yet fo much vapour 
muft have arifen from the wet leather, that the contents 
of the receiver could never be lefs than a feventieth or 
eightieth part of the denfity of the atmofphere: never- 
thelefs, it does not feem that any deficiency in the;^- 
ftru&ion of Mr. smeaton’s pump w i as the caiifhdf his 
' ' 1 • ■ 4 N a not 
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not being able to exhauft beyond the low degrees of 7 o 
or 80. Had he been aware of the bad effects of fetting 
the receiver upon leather foaked in water and lpirit of 
wine; and had he 'made ufe of the precaution to free all 
parts of his pump as much as poflible from moifture, I 
make not the leaft doubt but the air-pump, which he 
executed himfelf,. would have exhaufted to as great a 
degree, as that pump has been feen to have done with 
which the chief of thefe experiments were made. 

Having read the principal part of this paper to Mr.. 
smeatqn, and ihewn him fome of the experiments; 
one in particular, where the pear-gage, as he obferved 
himfelf, was filled to no lefs than 100,000th part of the 
whole content; he remarked from memory, that he had 
in feveral trials exceeded 1000 times, and once, as he 
remembered, near or about 10,000 times; but as he. 
never could account how this happened, which appeared 
to him perfectly accidental, and therefore could not de- 
. pend upon doing it at pleafure, lie contented himfelf with 
putting down 1000 times, as being what (under the cir- 
cumftances mentioned in his papers) he had a tolerable 
certainty of. 

I muft here again obferve, that if we only with 
to know the quantity of permanent air remaining 
ip , the receiver after it is as much exhaufied as poffi- 

. ble, 
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ble, it feems, that it is by Mr. smeaton’s gage only 
that we can know it. Again* when by the affiftance of 
his gage and the barometer-gage together, we have dis- 
covered that there is a vapour which arifes and occupies 
the place of the permanent air which is exhaufted, it 
feems that it is by the means of his gage only that we 
can difcover what part of the remaining contents of the. 
receiver confifts of this vapour, and what part of perma- 
nent air. 


An account of fome further experiments made with the 
fame air-pump on Mr. smeaton 's principle, the refults 
of which were different from the former ► 

AFTER I had made the foregoing experiments, and 
thought to have done with the fubjedt (for fome time at 
leaft) in reviewing them for the.laffc time,. I perceived one 
or two, the extraordinary refults of which (though not 
unnoticed by me before) I now thought I had not paid, 
fufficient attention to. Experiment the 1 9th (in which 
I found that when vitriolic acid was put into the receiver, * 
and the pump worked for the ufual time, the pear-^ 
gage indicated a much lefs degree of exhanfhon than the 

barometer- 
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barometer-gage) feemed to me now fo furprising, that It 
was impoffible not to wifh to repeat this experiment with 
all the care poffible, and to endeavour to recoiled! all the 
circumftances which I thought could any way influence 
the refult. 

The vitriolic acid I made ufe of in the following ex- 
periments was fome that I had had by me for fome time; 
it had been kept in a phial, flopped with a glafs-flopper, 
and tied over with a bladder. The thermometer in the 
room was at 59 0 , and the weather remarkably dry. 


exp. xl vii. Vitriolic acid in al 
glals cup, two inches diameter, J 
exp. XL7IXX. The laft expert- h 
ment repeated with the lame > 
vitriolic acid in the lame cup, J 
-Exp. xlix. The former experi- % 
menu repeated again with the I 
fame vitriolic acid in the fame [ 
cup, < — ~ J 

exp. L. The former experiment ^ 
repeated the fourth time in > 
every relpeft as before, J 


Weight 
when put 
into the 
receiver. 

Degrees of exhaus- 
tion according to 

-A- 

Variation of 
weight 
during the 
.experiment. 

r ^ 

Barora. 

gage- 

Pear- 1 
gage. 

roo grains 

602 

380 

gained i gr. 

10 1 grains 

S °2 

35° 

gained 1 a gr. 

xoif-grs. 

502 

35° 


toil grs. 

5°2 

340 + 

/gained a J 
l of a grain. 


Tire generation of vapour in the exhaufted receiver 
which Mr. cavendish had fuppofed, and which I 
feemed, by my former experiments, to have proved, ap- 
peared fatisfadtorily to have accounted for the pear- 

, gage’s 
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gage’s indicating a greater degree of exhauftion than the 
barometer-gage : but what to fuppofe could poffibly 
make it indicate a lefs, I was entirely at a lofs ; for after 
having made thefe furprizing experiments on the vitrio- 
lie acid, I wifhed once more to try if I could repeat, with 
the lame refult, Ibme of my former experiments, in 
which the pear-gage, had indicated lb nearly the lame 
degree of exhauftion as the barometer-gages. Accord- 
ingly I took away the vitriolic acid from under the re- 
ceiver;. the pump was then freih oiled, and I was very 
careful to wipe dean and dry the receiver and pump- 
plate, and then cemented down the receiver as ufuah 

EXPERIMENT U. 

The pump was then worked, and the degree of ex- 
hauftion appeared by the barometer-gage to he 43 2 ; but 
by the pear-gage to be but 370. 

I know of no drcumftance attending this experiment 
that differed from thofe in which my former experi- 
ments were made when the gages agreed lb nearly, un- 
lefs it were that of the weather : 1 recoiled that it was 
then very damp, and now it had been very dry for fome 
time. How this circumftance could make fo great an- 

alteration in the refuk of thefe experiments, I cannot pm* 

. ' ' tend 
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tend to fay; but fome of the following experiments Will 

fhew that the pear-gage ftill continued in many cafes to 

indicate a lefs degree of exhauftion than the barometer- 

gage. 

In all the preceding experiments the pump was 
worked for ten minutes, and the pear-gage was at the 
end of that time pulhed down fo as for the mouth to be 
immerfed in the cittern of quickfilver, and the air then 
let in according to the manner of ufing this gage; but 
now that I found that the teftimony of this gage fo fel- 
dom agreed With that of the barometer-gage, I wiftied to 
try, whether they might not agree when the receiver was 
exhaufted only in part, though they did not when it was 
exhaufted as much as poffible. For this purpofe I had 
the fame receiver fitted with two pear-gages, fo that I 
now could immerfe the mouth of one of them in the 
cittern of quickfilver when I had exhaufted the receiver 
in part only, and not immerge the mouth of the other 
till the receiver was exhaufted for the ufual time of ten 
minutes ; in which time I found I could always raife the 
quickfilver in the barometer-gage as high as if I were to 
Work the pump much longer. 


e x p. 
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■EXP. hi. The receiver cemented ] 
to the pump -pi ate, - — J 

Exp, tin. The receiver unce-' 
i*nented, wiped clean from 
the cement, and put on the 
pump-plate, with a little oil 
round the outlide, — - 


exp, liv. The 
leather foakcd in oil and tallow, 


receiver put on a 


Degrees of exhauftion when the pump 
had been worked ' 

— 


Five minutes; 
according to 

Ten minutes; 
according to 

Barom. 

gage. 

Pear- 

gage. 

Barom, 

1 g a g e - 

“ — ! 

Pear- 

gage. 

43° 

3°o 

1 430 

360 

50a . 

360 

S°2 ' 

360 

|02 . 

300 

m 

500 


This laft experiment feemed very extraordinary; for 
after having worked the pump for five minutes only, the 
barometer-gage indicated a degree of exhauftion of 5 o 2 ; 
but by working the pump five minutes more, it indicated 
a lefs degree of exhauftion, viz. 323. This effect I have 
ebferved to happen more than once- 


1 Degrees .of exhauftion when the pump 
had been worked 



Five minutes ; 
according to 

Ten minutes; 

’ according to 



f 

.Barom. . 
gage. 

^ 

Pear- , 
gage. 
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Barom* 
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exp. lv. Receiver put on a leather j 
foajeed in water for one night, i 
EXP. LVr. Receiver put on a leather -> 
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■rit of wine/ . , — — J 
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The receiver was then taken off from the pump-plate,, 
and a blank fcrew fcrewed. into the hole in the pump- 
plate. 


expert m e n t lvii. 

The pump was then worked for ten minutes without 
any receiver on the pump-plate. The barometer-gage 
alone being afterwards connected with it, the gage indi- 
cated a degree of exhauftion of 50 only,, which was the 
lame as, in the laft experiment; fo that the t bad effects of 
the mixture of the fpirit of wine and water ftill con- 
tinued. 

I then poured about two fpoonfuls- of oil down the 
hole in the pump-plate, and the piftons were worked 
gently till molt of the oil had pahed' through the pump 
into a refervoir made to receive it. A blank fcrew was 
then, fcrewed into the hole in the pump-plate as before,, 
and after the pump had been worked for a minute or 
two, four or five times, the air being let in between, 
each time,, the oil had then walked fo much of the rrioif- 
tnre out of the infide of the pump, that I was now able: 
to exhauit to 430 inllead of only 50 times,,, as before the. 
oil had been made to pafs through if., 

Curing the courfe of thefe experiments on the air- 
v^imp it appeared, by the teftimony of the pear and baro- 
3 :> . meter*- 
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meter-gages, that the remaining contents of a receiver, 
when exhaufted as much as poffible, was at different 
times of different kinds ; fometimes it feemed to confift 
entirely of permanent air, as when a little vitriolic acid, 
Sec. was put in the receiver; and fometimes moftly of 
vapour arifing from moifture, and but a very fmall pror 
portion of permanent air, as when a bit of damp leather. 
Sec. was in the receiver. I was now therefore defirous of 
feeing what appearance the electric matter would exhibit 
in thefe different ratified media. 

For this purpofe I had a giafs tube made, of an inch 
bore, and four feet and a half in length. This tube was 
connected to the receiver of the air-pump by means of 
an elbow-piece of brafs,to which it was cemented; which 
elbow-piece was inferred perpendicularly in the top of 
the receiver : as the elbow made a right angle, the tube 
itfelf was of courfe horizontal. 

Moreover, at that end of the giafs tube which was 
cemented to the brafs elbow-piece, there was fixed, on 
the infide, a piece of brafs wire, about three inches and 
a half long, filed to a point, and pointing towards the 
other end of the tube. At the other end of the tube was 
cemented a brafs fcrew fitted to a brafs cap, 'which 
fcrewed on it; and in this brafs cap was fixed a brafs 
wire, three inches and a half long, which pointed towards 

4O2 ; 
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the brafs -point; at the other end of the tube, and at the 

end of this- wire, was a brafs ball, eight-tenths of an inch 

diameter. 

The brafs cap at this extremity of the tube which is* 
fartheft from the receiver was made round, and placed fa 
as to be in conta£t with the prime condu&or of an elec- 
trical machine. 

I now firft put fome vitriolic acid into the receiver, as 
a means of being able to make the remaining contents 
of the receiver, when exhaufted as- much as poffible, to 
confift of - permanent air only, unadulterated with - va- 
pour; and as the receiver was the fame I had ufed in my 
foregoing experiments, there were two pear-gages fitted 
to it, which pear-gages I pufhed down into the cifterns 
of .quickfilver at different times, and the pump was 
worked as in my former experiments for ten minutes': 
heat of the room 59 0 . 

The ele&rical machine was worked during the whole 
of the experiments. . 


EXP £«*• 
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experiment lviii* 

Elcftrical appearances exhibited,. 

b ew b p s ^^ mmmxm* t mmmrnmr -*» ,r mim am— . — mm~rr-im m mm m» mm 

Light began firft to appear in fiafhes, — — 

Light appeared the whole length of the tube in ftriae, 

Tube was filled with an uniform body of pale light, 

The pump had now been worked five minutes. 

The pump was then .worked five minutes more. 

The tube was ftili filled with a uniform body of pale 
light, — — — — 

The conductor being then removed to a diftance from 
the tube, it was made to approach it by degrees till a 
fpark brack it, which was at the diftance of two inches; 
the light in the tube now appeared like a compact body 
of fire, of a vivid purple colour, tending to a red. 

Obje&s were feen through the tube when filled with 
this body of the ele&rical light, no lefs diftincily than 
if there had been no fuch light in the tube ^. 

The 'vitriolic acid being taken out of the receiver, >1 
put a piece of leather of i oo grains, as it came from the 
leather-fellers,. into that end of the. tube which was next 
to the conductor of the electrical machine, and fartheft 
from .the receiver of the air-pump. I put the leather in*. 

(a ) This circumftance has been before remarked b\ 
conje&urcs on the tails of -comets. 

% 
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at this end of the tube rather than into the receiver, to 
he fare that the tube might be filled with the vapour 
.arifing from the damp leather rather than with the com- 
mon air. The pump and electrical machine were then 
-worked as before. 


EXPERIMENT LIX. 


Electrical appearances. 


Degrees of exhaus- 
tion according to 


Barom. 




Pcar- 


Jftght began firft to appear in flaflics, — — • 

Light appeared the whole length of the tube in Arise, 
Light vaniflhed Scarce to be leen, — — — 

The pump had now been worked feven minutes. The 
conduftor was now removed fiom the tube, and the 
greateft ft r iking diftance was found to be one inch, 
The tube now appeared luminous, but the light was^ 
faint and white* The conductor was then again put 
an contaCt with the tube, and the machine worked: 
the pump was alfo worked for three minutes more, 
but fcarce any light appeared, — • — 


gage. 

gage. 

12 


22 


9O 

100 

X48 

20,000 


The conductor was tlien again removed from the 
tube, and the ftriking diftance was found to be only one 
inch and four-tenths : the tube at the time of ftriking 
•was luminous as before, and the light was of the fame 
faint white colour. 

Having lately received from my friend Dr. lind feme 
aether prepared by the ingenious Mr. wolfe, I was very 
•deiirous to try whether I could produce any conftderable 
; degree 
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degree of cold by the evaporation of aether under a re- 
ceiver whilft exhaufting. For this purpofe I put the 
aether into a phial, the neck of which was Sufficient to 
admit the ball of a thermometer: this being placed on 
the air-pump, under a receiver which had a plate at the 
top, with a wire palling through a collar of leathers; to 
this wire the thermometer was fixed, by which means 
I could eafily dip the ball of the thermometer into the 
aether. 


nPSRIMINT H. 

m 

The pump was now worked, and whilft the receiver 
was exhaufting, the ball of the thermometer was often 
dipped into the aether; and when the degree of exhauf- 
tion by the barometer-gage was 65 (which was the ut- 
moft in this cafe that the pump would exhauft to) the 
degree of cold indicated by the fall of the quickfilver in 
the thermometer was 48° below o on Fahrenheit’s 
fcale;. fo that there was a degree of cold produced 103° 
colder than the air in the room where the experiment 
was made, the thermometer in. it being at 55 0 degrees 
above o. The pump was kept continually working for 
half an hour,, and the ball of the thermometer often, 
dipped into the tether; but no greater degree of exhaus- 
tion. or cold, could be. produced. The air being, kt into* 

• ' the: 
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,the receiver, tlie quickfilver in the thermometer rofe 
i o°j viz. to 3'3° -below ©.» 


E X P E R I M E N T EX I, 

' Frelli tether being put into the phial to what was re- 
-naming, the thermometer role to 3 o° above o : the pump 
was then worked again conftantly for half an hour; yet 
by the barometer-gage the degree of exhauftion was 
now not more than 1 6, and the degree of cold produced 
. did not exceed the 1. ith degree below o, as appeared by 
•the quicklilver in the thermometer. The air being let 
into the receiver, the remaining aether was examined, 
and there were found feveral pieces of ice at the bottom 
of the phial, fome of them as big as large peas, which, 
when the aether became nearly of the heat of 3 a 0 or 
freezing point ;of water, were intirely diflolved. 

The alr-pumj) with which thefe experiments were 
made exhaufted above 400 times before the aether was 
-put under the receiver. 
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■XXXIII. On the Culture qf'Pine-.apples. An extraB of a 
Letter from William Ballard, Efq. of Kitlev in Devon- 
shire, to Samuel Mufgrave, M. D. F. R. S. dated 
Kitley, March 15,1777. Communicated to the Society 
by Dr. .Mufgrave. 


Read me ifc’QEFGRE I enter into the particulars of 
1777. §3 

railing pine-apples in water, it will be 
neceffary to tell you that my hot-houfe is covered with 
the heft crown-glafs, which I apprehend gives more 
heat than the common fort of green glafs generally ufed 
for hot-houfes. In the front part of the houfe, and in- 
deed any where in the lowed; parts of it, the pine-apple 
plants will not thrive well in water. The way in which I 
treat them is as follows. I place a fhelf near the highefl: 
part of the back wall, fo that the pine-plants may Hand 
without abfolutely touching the glafs, but as near it as 
can be : on this Ihelf I place pans full of water, about 
feven or eight inches deep; and in thefe pans I put the 
pine-apple plants, growing in the fame pots of earth as 
they are generally planted in to be plunged into the 
Vol. LXVII. 4P bark- 
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bark-bed in the common way ; that is, I put the pot of 
earth, with the pine-plant in it, in the pan full of water,, 
and as the water decreafes I conftantly fill up the pan. I 
place either plants in fruit, or young plants as foon as 
they are well rooted, in thefe pans of water, and find they 
thrive equally well : the fruit reared- this way is always 
muchlarger,as well as better flavoured, than when ripened 
in the bark-bed. I have more than once put only the 
plants themfelves without any earth, I mean after they 
had roots, into thefe pans of water, with only water fuf- 
ficient to keep the roots- always covered, and found 
them flourifh beyond expectation. In my houfe, the 
fhelf I mention is fupported by irons from the top, 
and there is an intervening fpace of about ten inches 
between the back wall and the fhelf. A neighbour of 
mine has placed a leaden ciftern upon the top of the back 
flue (in which, as it is in contact with the flue, the water is 
always warm when there is fire in the lioufe) and finds 
his fruit excellent and large. My fhelf does not touch 
the back flue, but is about a foot above it; and confe- 
quently the water is only warmed by the air in the 
houfe. Both thefe methods do well. The way I account 
for this fuccefs is, that the warm air always afcending to 
the part where this fhelf is placed, as being the highefl 
5 ' part 
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part of the houfe, keeps it much hotter than in any 
other part. The temperature at that place is, I believe, 
feldom lefs than what is indicated by the 7 3d degree of 
Fahrenheit’s thermometer, and when the Sun fhines it 
is often at above 1 0 o° : the water the plants grow in feems 
to enable them to bear the greateft heat, if fufficient air 
be Allowed; and I often fee the roots of the plants grow- 
ing out of the holes in the bottom of the pot of earth, 
and fhooting vigoroufly in the water. 

My hot-houfe (the dimenfions of which it may be 
proper to know) is fixty feet long, and eleven feet wide 

the flues included; fix feet high in the front, and ele- 

« * 

ven feet at the back on the infide of the houfe. It 
is warmed by two fires. A leaden trough car cittern on the 
top of the back flue is preferable to my flielf, as in it the 
pine-plants grow much fafter in the winter, the water 
being always warmed by the flue : of this I have feen the 
great benefit thefe laft two months in my neighbour- 
hood, It is not foreign to this purpofe to mention that, 
as a perfon was moving a large pine-plant from the hot- 
bed in my houfe laft fummer, which plant was juft 
Aiowing fruit, by fome accident he broke off the plant 
juft above the earth in which it grew, and there was 
no root whatever left to it: by way of experiment I 

^ P 2 took 
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took the plant, and fixed it upright in a pan of water 
(without any earth whatever) on the fhelf ; it there 
foon threw out roots, and bore a pine-apple that weighed 
upwards of two pounds. 
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XXXIV. Experiments and Ohfervations made in Britain, 
in order to obtain a Rule for meafuring Heights ’with 
the Barometer. By Colonel William Roy, F. R. S. 


E^ead Juris 12 and 19, and Nov* 6 and 13, 17 77^ 


INTRODUCTION. 

TN philofophical inquiries of every kind, where any 
A point is to be afcertained by experiments, fhefe cam- 
not be repeated too often, nor varied too much, in order 
to obtain the truth : for even when the utmoft precau- 
tion hath been ufed, and the greateft pains have been 
taken, it rarely happens, that they agree fo exactly, as 
to leave" no room for doubt. Were it poilible at all 
times, to have experiments made in circumftances per- 
fectly fimilar, a confiderable degree of conilftency 
might naturally be expected among the refill ts, where- 
of the mean would determine the point in queftion ; 
but different men, making ufe of different inftru- 
ments, have different modes- of conducting their oj>e- 
. rations, each purfuing the trad- that- feems to him -die' 
likely to infure fuccefs. Hence it is that a variety 

of 
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of ref alts arife, and that things fometimes appear contra- 
dietary, or at leaft prefent themfelves under new forms, 
difficult at fir ft fight to be accounted for, and therefore 
apt to miflead, till by a farther inveffigation of the mat- 
ter, the true caufes are difeovered. Even irregularities of 
this fort are worthy of being communicated, that others 
may know what hath happened before, and what, in like 
cafes, they may expert to meet with, in the courfe of 
their future inquiries. Improvements of every kind ad- 
vance by flow degrees ; and it is not until things have 
been viewed in every poffible light, that the errors, 
even of our own experiments, are difeovered, the points 
in queffion ultimately afeertained, and the branch of 
philofophy depending upon them, gradually brought 
nearer to perfection. 

Ever finee the difeovery made by Torricelli, the 
barometer hath been applied, by different perfons, in dif- 
ferent countries, to the meafurement of vertical heights, 
with more or lefs fuccefs, according to the more or lefs 
perfect ftate of the inftruments ufed, and the particular 
modes of calculation adopted, by the obfervers. But of 
all thofe who have hitherto employed themfelves in this 
way, none hath bellowed fo much time and pains, or 
fucceeded fo well, as Mr. de luc, of Geneva, f. r. s. In 
two quarto volumes, publifhed fome years fince, that 

gentleman 
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gentleman hath given ns the hiftory of the barometer 
and thermometer, with a very curious and elaborate de- 
tail of many years experiments, made by him, chiefly on 
the mountain Saleve. It would be totally fuperfluous. 
here to enter into any circumftantial account of the me- 
thod he makes ufe of, flnce that hath already been fo 
fully illuftrated by two Fellows of the Royal Society, 
who have at the fame time given formulae and tables, 
adapted to the meafures of this country, (Phil. Tranf. for 
1774, vol. hXV. N° xx. and xxx.) that nothing farther 
■can be deflred on that head. 

It may neverthelefs be: neceffary juft to call to remem- 
brance that the rule, deduced from the obfervations on 
Saleve, confifts of three parts, ift, The equation for the 
expanfion of the quickfilver in the tube, from the effedt 
of heat, whereby the heights of the columns, in the in- 
ferior and fuperior barometers, are conftantly reduced 
to what .they would hate been in the fixed temperature 
of 54°~ of Fahrenheit, independant of the preflure 
they refpedtively fuftained. ad, When the mean tem- 
perature of the column of air to be meafured, is 69°. 3 2, 
as indicated by thermometers expofed to the Sun’s rays 
at its extremities; then the difference of the common 
logarithms, of the equated heights of quickfilver in the 
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two barometers, gives the altitude intercepted between 
them, in toifes and tlioufandtli parts, reckoning the three 
figures to the right hand decimals, and the others inte- 
gers, the index being negledted. This temperature of 
69°. 3 a, when the logarithmic differences give the real 
height without any equation, is reduced to 39°.74, the 
new zero of Mr. de lug’s fcale, when his formula is 
adapted toEnglifh fathoms and thoufandth parts, inftead 
of French toifes . And laftly, when the mean temperature 
of the air is above or below 3 9 0 . 74, an equation, amount- 
ing to -iiioo parts of the logarithmic height for each de- 
gree of difference, is, in the firft cafe to be added to, and 
in the laffc fub traded from, that refult, in order to obtain 
the real altitude. 

In Mr. de luc’s book, the experiments for afeertain- 
ing the expanfion of the quicldilver, are not given in 
detail; neither are the particular temperatures of the 
barometers fpecified. The winter l'eafon was however 
chofen for the purpofe ; one being left in a cold room, and 
the other in a clofet, heated as high as could conveniently 
be buffered. The operation having been repeated feveral 
times without any effential difference in the refults, this 
general conclufion is drawn, that between the tempera- 
tyres of melting ice and boiling water, the expanfion of 

the 
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the quickfilver is exactly fix French lines, or .53287 3 
decimal parts of an Englifh inch. But it is to be ob- 
ferved, that the barometer flood then at 28.7752 3 ; 
whereas, if it had flood at 30 inches, it would have been 
.555556, becaufe the expan lion is in proportion to the 
length of the column. Farther, the interval between the 
freezing and boiling points in all thermometers, varies 
with the height of the barometer, or weight of the atmo- 
fphere; and it is the cuflom in England to make thermo- 
meters when the barometer Hands at 30 inches; that is 
to fay, 1.225 or 13. 8 French lines, higher than when Mr. 
de luc’s boiling point was fixed: and fince from his ex- 
periments it appears, that each line of additional height 
in the barometer, raifes the boiling point — - 4 -th part of 
the interval between that and freezing, it follows that 
0.158 x 13.8 = 2°. 2, will denote the number of 
degrees, that Mr. de luc’s boiling point is lower than 
that of Englifh thermometers, which reduces it to 209.8 
of FAHRENHEIT, and makes the interval between freez- 
ing and boiling only 177.8 degrees. Hence the expan- 
sion .555556, formerly found, muft be increafed in the 
proportion of 177.8 to 180, which gives for the tqtal 
.5624297 or .56243, on a difference of temperature of 
1 8 o°. Thus the expanfion for each degree, fuppofing h 
Vol, LXVII. 4 Q ' 
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to be arithmetical, or uniformly the fame in all parts of 

the fcale, will be .00312461 (a> . 

Having now Ihewn the expanlion of quicklilver in the 
tubes of barometers refulting from the Geneva obferva- 
tions, I lhall next proceed to give fome account of thole 
1 made for that purpofe. They derive their origin from 
my having very accidentally obferved, that a fmall de- 
' gree of heat, and of Ihort duration, fenfibly affected the 
length of the column in Mr. ramsden’s portable baro- 
meter, whereof a view is given in plate XVI. The 
principal parts of this inftrument are a fimple ftraight 
tube, fixed into a wooden cittern, which, for the convc- 
niency of carrying, is Ihut with an ivory ferew, and, that 
being removed, is open when in ufe. Fronting this aper- 
ture is diftindtlv feen, the coincidence of the gage-mark, 
with a line on the rod of an ivory float, fwimming on the 
furface of the quicklilver, which is raifed or deprefled by 
a brafs ferew at the bottom of the cittern. From this, as 
a fixed point, the height of the column is readily mea- 
fured on the fcale attached to the frame, always to 

fa) This paper having lately been communicated to Mr. tuc, he hath 
interned me, that the difference of temperature in his experiments, amounted 
to about 31° of REAUMUR, or 7a 0 of Fahrenheit, above freezing : where- 
fore, .00312461 x 7a=.225 nearly, will denote the rate of expanfion from 
which he de,<htced that for and within theft limits, it will hereafter be 

isandto differ very little from thetefalt of the prefent experiments, 

I part 
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part of an inch, by means of a nonius moved with rack- 
work. A thermometer is placed near the ciftern, whofe 
ball heretofore, was ufually inclofed within the wood 
work, a defeat that hath been fince remedied. The three- 
legged Hand, fupporting the inftrument when in nfe, 
ferves as a cafe for it, when inverted and carried from 
place to place. Two of thefe barometers, after the quick- 
lilver in them hath been carefully boiled, being fuffered 
to remain long enough in the fame lituation, to acquire 
the fame temperature, vdually agree in height, or rarely 
differ from each other more than a few thoufandth parts 
of an inch, which were conftantly allowed for in calcu- 
lating altitudes, as well as in eftimating the rate of expan- 
lion, in the courfe of the following experiments. 


SECTION I. 

Experiments on the expanfton of quickjilver. 

THE experiments made for this purpofe were nu- 
merous as well as various, and were therefore fubdivided 
into feveral claffes. To give a minute detail of them all, 
Would be extremely tedious, and now wholly ufelefs, 
lince it was from thofe of the third clafs alone, that-the 

4 Q 2 rate 
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rate as well as maximum of expanflon was ascertained : 
wherefore thofe of the two preceding clafies need only 
he mentioned in a general way. 

The firft fet of the firft clafs comprehended fuch as* 
were made with one barometer in a cold room, or in the 
open air, and the other in a room on the fame level with 
the former, where there was constantly- a fire, which was 
occasionally increafed, in order to augment the difference 
of temperature. When the heated barometer had re- 
mained Several hours in an angle of the room, the dif- 
ference of temperature of its quickfilver above that of 
the coldeft, as indicated by their refpetftive attached ther- 
mometers, rarely exceeded io or 12 0 , which, from a 
mean of many observations, gave an expansion of .0333 
decimals of an inch, for the 1 o° comprehended between 
32 and 42°of Fahrenheit’s thermometer. So far the re- 
sult arifing in this way, from Small differences of tem- 
perature, will be found' to agree with the third clafs of 
experiments*. 

But when, in the Second fet of this firft clafs, the dif- 
ference of temperature was augmented to 20 or 30%. by 
-exposing the barometer within doors to a greater heat, 
or placing the Superior one on the leads, whereby it re- 
ceived the dire& and refle&ed rays of the Sun through-, 
srat the greateft part of the day, while the other was kept 

in 
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in the cold area underneath, the rate of expanfion for 
the firft io° exceeded that formerly found nearly in. 
the proportion of three to two, while that for the fecond 
and third terms, of i o° each, diminifhed progreffively. 

The chief, though not the only caufe of this great 
difference, as will appear hereafter, arofe from the pofi- 
tion of the ball of the thermometer, originally inclofed 
within the wood-work of the frame, which prevented it 
from receiving the heat fo readily as the quickfilver in 
the tube ; at the fame time that it retained it longer, and 
confequently produced refults in fome degree fallacious*. 

Finding, from the firft clafs of experiments, that much 
uncertainty remained with regard to the rate of expan-* 
lion of quickfilver affedted by thefe fmaller degrees of 
heat, and that it was utterly impoflible, from them, to 
determine its maximum for the i8o° between freezing 
and boiling j I refolved to try, how much a column of 30 
inches of quickfilver, carefully boiled in a tube, would 
lengthen, the fame being placed with the open end up- 
wards in a tin veflel, occafxonally filled with pounded ice 
and water, and afterwards brought to boil, by means of a. 
charcoal fire placed underneath ? In this fecond clafs, it 
was eafy to fee, that the expanfion of the tubq containing, 
the quickfilver, was neceflarily to be taken into the ac- 
count, and added to that apparently found by exppn.-* 
a jment 3 . 



15 6 a CoL roy’s Experiments for 

ment. This was of courfe to be done, either by fuch dif- 
ferences as I could difcern and meafure, or by thofe that 
had refulted from the experience of others. 

The nature of the apparatus, employed in this clafs of 
-experiments, will be eafily underftood from plate XVII. 
where it is reprefented, as it was ufed.in thofe of the third 
clafs. In its firft Hate it was not quite fo long, and a 
chafing-difh with a charcoal fire, occupied the place of 
the ciflern holding the quickfilver below. By means of 
a circular bit of tin, foldered edgeways in the center of 
the bottom, and an aperture in the middle of the lid, the 
tube was kept fteadily in the axis of theveffcl. Other open- 
ings in the lid, ferved for the admiffion of the thermo- 
meter, and the application of a deal rod clofe to the fide 
•of the tube, when its height was»to be meafured. The 
longitudinal expanfion of the glafs was marked by a 
fcratch thereon with a fine edged file at the top of the 
■deal rod, when refpedtively at the temperatures of freez- 
ing and boiling. The apparent dilatation of the quick- 
filver was in like manner marked, by the coincidence of 
its furface with the lower edge of a brafs ring embracing 
the tube. 

It' having been found impoffible to procure tubes ' 
whofe bores were truly cylindrical, or of any uniform 
figure, the experiment w'as repeated, as often as poffible, 

■ • ■ in 
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in both ends of the fame tube, that the mean might be. 
taken. But it frequently happened that the tube, which 
had undergone one or more experiments in one end,, 
broke before any could be made with it in the other. In 
this cafe, the rate of expan lion in the lad: end was taken 
from that given by fuch another tube, where it had fuc— 
ceeded in both. The mean of five refults with the beffc 
tubes, taken in this way, gave .4901 for the apparent 
expan lion of 30 Inches of quickfilver, on 1 8o° of Fah- 
renheit, between freezing and boiling, which being, 
augmented by the apparent longitudinal dilatation of the 
glafs .0356 x 3=. 1068, the real expahfion is .5969; ex- 
ceeding Mr. de lug’s by more than yl^ths of an inch. If,, 
however, Mr. smeaton’s dilatation of glafs, (.025 x 3 = 
.075) be fubffcituted, inftead of that refulting from thefe 
experiments, the real expanfion of 30 inches of quick- 
filver will be .565 1, which does not exceed it quite 
parts of an inch. 

In this clafs of experiments, having attended as dili- 
gently as pofUble to all the circumftances, it feemed to • 

iV 

me, that tubes with a fraall bore, and whofe glafs was 
thick, lengthened more than thofe, which had a larger 
bore and whofe glafs was thin: whence I was led. to. - 
fuppofcj, that folid glafs rods would dilate more in pra-y 
portion, and confequently, fhewa hill more percept^# *: 

difference.. 
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difference. With the view of afcertaining this point, I 
procured four glafs rods near three feet long each, and of 
different diameters, the largeft being of the fize of the 
little finger, and the fmalleft about the thicknefs of a 
quill. One end of each, was fo me what larger than the 
other, and was made perfectly fmooth, as that on which 
they were to reft when feverally meafured with the deal 
rod. They were then all placed in the tin veffel, in fuch 
a manner, as to admit pounded ice rammed very dole 
around them, and the interftices to be filled with water. 
Having remained in that Hate a full half hour, they were 
feverally meafured with the deal rod, whofe length of 
3 inches was fcratched on each with the fharp edge of 
the file. This being done, the ice thrown out, and the 
veffel carefully wafhed, all the rods were replaced in it, 
immerfed in water, which afterwards was brought to boil. 
The fire being kept up, and the ebullition rendered as vio- 
lent as poffible for half an hour, the glafs rods were then 
feverally meafured, *by applying them one after another 
to the deal rod, Handing with them in the boiling water. 
The experiment was repeated three times, on as manydi f- 
%rent days, without its being poffible to difeern, that any 
< glafs rolls had dilated more than that of deal, from 
a difference of temperature of 1 8o°. In all of them, the 
freezing mark feeiffed accurately to coincidewith the top 
/ ■ ' ' / • ' of 
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of the deal rod ; whereas the dilatation of the tubes, by 
the fame degree of heat, was always very vifible'^. 

Finding from the fecond clafs of experiments, whereof 
the general i:efult hath now been given, that glafs rods 
feemed not to lengthen more than deal; and that tubes 
of different bores, and probably too of different forts of 
glafs, were fufceptible of different degrees of extenfion, 
which rendered it impoffible, by this means, to afeertain 
the longitudinal expanfion of the quickfilver they con- 
tained; I thought it neceffary to recur once more to the 
barometer, and to try whether it could not be fo con- 
trived as to adt in water of different temperatures, from 
freezing to boiling. This led me to the experiments of 
the third clafs : and in order to comprehend them tho- 
roughly, it feems neceffary to point out fome few altera- 
tions which the apparatus underwent. 

The center of the bottom being pierced on purpofe, a 
brafs focket was prepared for it, wherein a hole was bored 
conically, to receive the ground-end of a barometer tube, 
of the ordinary length of 334 inches; the tube having 
been fxrft ground in a feparate piece of brafs, and ulti- 

(b) Since tliefe experiments were made, the relative expanfion of 18 inches 
of one of the tubes and one of the rods that had been formerly employed, was* 
found tp he, by Mr. cumming’s pyrometer, nearly as 4 to/ x ? from a heat 
approaching to that of boiling oil, 
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xnately In the focket itfelf, fitted it fo exadtl'y, aS to fufler 
no water to pafs. The- focket being inferted into tlio 
aperture at tlie bottom of the veffel, was firmly foldercd 
to it for the reception of the tube, which was fo ground 
as to reach a full' inch and a half below the furface of 
the brafs. It could not defcend farther, the ground parts 
in both being of the figure of the fruftum of an inverted 
cone. From the view in the plate it will appear, that un- 
derneath the veffel, a feparate ftand was placed, in order 
to fupport the iron ciftern containing the quickfilver. 
The diameter of the ciftern was fuch, that its ftand being 
occafionally moved, fo as to bring one fide of it clofe t© 
the ground part of the tube, the other fide proje&ed bo 
yoiid the bottom of the veffel ; and confequently per*- 
mitted the rod of a float, refting on the furface of the 
quicklilver, to rife freely and parallel to the axis of the 
tube. The rod was -of deal, / 0 -th of an inch fquare, car- 
rying on its top a fcale, whofe zero lay in the lower fun- 
face of the float,* and whereof the fix uppermoft inches, 
from 28 to 34, were divided into aoths.. 

That the whole column of quickfilver might alter- 
nately be covered, with the freezing mixture and .water, 
of different temperatures, and yet permit its furface to 
be leen, two eyes of plate glafs were ferewed into fockets, 
feldered for. that purpofe oppofite to each other, near the 

top. 
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•top of the veffel, which, in the firft fet of the third clafs 
of experiments, was little more than 2,9 inches high. 
The top of the tube palling through the aperture in the 
lid, one and a half or two inches of the vacuum gene- 
rally rofe above the veffel. That the expanfion of the 
column might be meafured as nearly as poflible in that 
part of the tube fronting the center of the eyes, more or 
lefs quickfilver, according to the ftate of the atmofphere, 
was occafionally put into the ciftern, to raife or deprefs 
the furface of the column to the proper height. A thin 
brafs ring, whofe lower parts were made to fpring, em- 
braced with fufficient force the upper part of the tube, 
permitting it at the fame time to be moved freely with 
the hand. It carried along with it a nonius index, pro- 
jecting as far as the center of the rod, and confequently 
applying itfelf to the divifions of the fcale, which was 
kept in its proper pofition by palling through a flit fitted 
for it in an arm attached to the lid. The divifions on the 
•.nonius being the fame with thofe of the barometer for- 
merly deferibed, the ' height of the quickfilver could 
always be read off to --^th part of an inch. 

The quickfilver having been carefully boiled, as on 
former occafions, in the tube ; and that being filled com-i 
pletely, and held with its open end upwards; the tin; 
veffel was inverted over it, and lowered gradually, till the 

4 R a ' ground 
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ground end' could be inferted into the fockct with fuch a 
degree of force as to prevent it from being too cafily re- 
moved. The linger being then applied clolely to the 
open end of the tube, the whole apparatus was turned 
up, and placed over the ciltern into which the quickfilver 
had previoully been put, great care being taken not to 
remove the finger till the lower extremity of the tube 
Was fairly immerfed into the quickfilver; when that in 
the tube was permitted to defeend into an equilibrium 
with the atmofphere. In the firft experiment it was 
found that the water ifiiied by the eyes, and running 
down the fide of the veffel, fell into the ciltern. In order 
to remedy this inconveniency, a circular piece of tin wa.s 
foldered round the upper part of it, immediately below the 
eyes and a flat fpout, projecting from it, ferved as a gut- 
ter to throw off the water from the ciltern, and from the 
lamps made ttfe of to bring that in the veffel to boil. Six 
lamps, each with a double light, were fufpended around 
the trunk of the veffel, to heat the water as equally as 
poffiblep though any irregularity of this kind was fuffi- 
ciently guarded againft, by conflantly mixing itduringthe 
deration. Another lamp of the fame kind flood under 
the cittern, thereby the quickfilver there was kept at 
the temperature of the water in the veffel, each having 
its proper thermometer;' this laft lamp was placed 

‘ ■ 1 " and 
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and difplaced frequently, during the courfe of every ex- 
periment ; for the heat was very expeditioufly commu- 
nicated to the iron ciftern, and thence to the quickfilver 
it contained ; and both were found to cool very fad, after 
the lamp was removed. Such was the flate of the appa- 
ratus, when the fird fet of this third clafs of experiments 
was made. In thofe of the fecond fet, its height was far- 
ther augmented by tin foldered to the top, that a tube of 
the ordinary length might be wholly immerfed in boil- 
ing water. The third and lad alteration confided in the 
occafional application of a detached tin cafe, equal in 
diameter to the upper part of the veffel, having a hole in 
its bottom to admit the top of a long tube to pafs. This 
cafe was fo contrived, that its bottom flood two inches 
and a half higher than the lid of the veffel, thereby al- 
lowing room for the hand to move the index up or 
down. In this date the apparatus is reprefented in the 
view; and its various ufes will be bed underdood from, 
the account of the experiments, which were fiubdivided 
into four lets. 

Thofe of the fixd fet were made with tubes of a large : 
bore, upwards of three-tenths of an inch in diameter, of 
the ordinary length, with a vacuum over the quickfilver 
of two inches and a half or three inches, part of v/hich ! 
reached above the top of the veffel. The mean of three 

i<ex|ieri~' 
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experiments gave .52,58, for the total dilatation of 3© 
inches of quickfilver, on 1 8 o° between freezing and boil- 
ing; that, anfwering to the firft 20% between 32 0 and 
5 a 0 , was .0688; that, For the 20° in the middle of the 
icale, between 112 0 and 1 3 2 0 , was .058; and the rate for 
the laft 20 0 , between 192° and 212% was only .041. 
From this firft fet of the third clafs of experiments, it ap- 
peared evident, that the expanfion of 30 inches of quicfe- 
iilver in the barometer, buffering a heat equal to 180 0 of 
'Fahrenheit, inftead of exceeding Mr. de luc’s, as ap- 
peared to be the cafe from the refults of the open tube, 
really fell fhort of it : and inftead of being arithmetical or 
uniformly the fame, for equal changes of temperature, was 
actually progrefli ve ; the expanfion anfweringtothe lower 
part of the fcale, being greater than that correfponding to 
the middle; which again exceeded that for high tempe- 
ratures. In thefe experiments', when the water had ac- 
quired aheat a o or 3 o degrees greater than that of the open 
air, a certain duftinefs was perceived in the vacuum of 
the tube. At ioo° of Fahrenheit, or thereabout, this 
appearance had fo far increafed, as to fliew clearly, that 
it cquld proceed from no other caufe than a vapour ari- 
fingfrom the, fur face of the heated quickfilver, quite in- 
vifible, till, by its condenfation in the cold part of the 
tube, it was formed into balls, every where adhering to 

, its 
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its fides and fummit. Thefe globules were very fmall 
near the furface of the water, augmenting gradually as 
they approached the top of the tube, where they were 
greateft: their bulk increafed with the heat; and when 
the water was at or, near boiling, they would fometimes 
unite, and defcend by .their own gravity, along the fides of 
the :tube, into the general mafs. Hence the progreflive di- 
minution of the rate of expanfion of the column of quick- 
filver in the barometer, perceptible even in the firft clafs 
of experiments, is eafily accounted for by the refi fiance 
of. the elaftic vapour^, adting againft the top of the tube, 
which was here colder than the reft. . 

But in the application of the barometer to the mea- 
furement of heights, the whole inftrument is of the fame 
temperature; wherefore, in the fecond fet of this third 
clafs of experiments, the tin veffel was heightened, that 
tubes of the ordinary length, placed in it, might be wholly 
immerfed in boiling water. The mean of four experi- - 
ments, which agreed very nearly among themfelves, . 
gave .5117 for the total expanfion between freezing and 
boiling; for the .2, of, between 112 0 and i32°.059; and 
for the laft 20% between 192, 0 and 11 z°. 046. In thefe 

(c) Having mentioned the circumftances to Mr. rams den, it .firft occurred - ? 
to him, that the refiftance of tire elaftic vapopr was the caufe of the diminB- 
itl&n in the rate of expanfion.- ,, 
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experiments, the tube being wholly covered with boiling 
water, no condenfation of vapour took place in the va- 
cuum; and therefore no particles of quied diver were icon 
adhering to the upper part of the tube. When the wa- 
ter boiled, the refiftance of the vapour was greater than 
in the preceding fet, and the total expanfion lefs. ThvC 
two refults ferve ftrongly to confirm, each other: it is, 
however, the laft that furnifhes the data for conftru&ing 
the table of. equation depending upon the heat of the 
quickfilver in the barometer, of which table we fliall 
give an account hereafter. 

Finding, from the comparifon of thele two fets of ex- 
periments with each other, that the maximum and rate 
of expanfion feemed to vary with the length of the va- 
cuum above the quickfilver, I was advifed to try ^ what 
might be the refult, when the vacuum was much longer 
than in the common barometer. 

- The third fet of experiments of this clafs was there- 
fore made with a tube fomewhat narrower in the bore 
than the former, and whofe vacuum was 14I inches in 
length, whereof 1 ii reached above the top of the veil'd* 
ifee mean of three obfervations gave .5443 for the total 
expanfion on-i8o Q ; that for the firfi: ho° was .067 ; for 

Br ' AG »E N > who afterwards aflifted in fame of tl« fuft experiments 
witli tm manometer^ propoftd that With the long tube# 

dv'.' ■ .■ . * the 
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the 20 0 in the middle of the fcale .05 8 ; and for the up- 
permoft 20 n .o6$ : whence the mean rate for every 20°, 
is nearly .0 60 5 (l In this fet, the condenfation in the va- 
cuum of the tube was particularly attended to : it began, 
as in thofe of the fird fet, immediately above the furface 
of the boiling water, which was always kept an inch or 
two above the top of the column : the lowermoft glo- 
bules were very fmall, increating gradually till they got 
without the lid of the veffel, where they were the larged: ; 
thence they diminillied uniformly upwards, and difap- 
peared entirely three or four inches below the top of the 
tube. Though the rate for the middlemod 20°, in thefe 
lad: experiments, be below the mean, probably from fome 
inaccuracy in obfervation; yet, being compared with the 
former fets, they dill ferve to corroborate each other : for 
in thefe with the long tube, the vacuum feems to have 
been either completely maintained, of nearly fo; and we 
accordingly find the maximum of expan fiomincreafed, 
and its rate rendered nearly uniform, as will be farther 
confirmed from what follows. ! 


'(e) Mr, cavenehsh, who affifted in the firft part of the experiments wiili 
the open tube, informed me, that, in thofe made by his father Lord ‘C harles, 
the difference between the expanfion of qnickfilver and glafs, from -iSo 0 of hear, 1 
was .469. If to this we add Mr. smeaton’s dilatation of glafs, the total 
expanfion of 30 inches of quickfilver will be .544,, which agrees with the 
experiments in the long tube, and gives a rate of only ,00302a for 
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I have already had occafion to mention that a detached 
tin cafe was fometimes applied above the veffel, in which 
ftate it is reprefented in the view. This method was 
thought of during the operations with the long tube, in 
order to try whether the vacuum was completely main- 
tained by the temperature of the open air? For this pur- 
pofe the cafe was placed on the hones of the yard, with 
a fmall tube inferted in it, to preferve an open paffage in 
the middle: it was then rammed full of a compofition 
of fait and ice ; and afterwards fixed on the top of the 
long tube. The degree of cold thus applied round the 
greateft part of the vacuum, mull; have been very great, 
probably near the zero of Fahrenheit; yet it produced 
no viftble alteration in the height of the column of 
quickfilver, which hill remained in boiling water below, 
and fhould have rifen, if the vacuum had been formerly 
incompleat. As it would have occafioned much trouble 
to have lengthened the feveral parts of the apparatus fo 
as to have kept the long tube wholly in boiling water, 
the counterpart of this lah experiment was not made in 
the accurate manner it ought: neverthelefs, the tin cafe, 

' beii^ emptied of its cold compofition, was placed on 
the tube as before, and filled with boiling water; which, 
joining with the intermediate beam arifing from that in 
the veffel below, muh have kept the whole nearly in the 
1 . ; fame 
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fame temperature. The confequence of this application 
was, that the column ftiortened about ~ths of an inch ; 
which fee ms to prove, that the quicklilver vapour now 
reached the fummit of the tube, and, a&ing againft it, 
overcame, by fo much, the preffure of the atmofphere. 

Ifhould now proceed to give fome account of the fourth 
fet of this laft clafs of experiments, made on the con- 
denfation of the quicklilver, by means of artificial cold, 
below the temperature of the air. Previoufly however 
to this, it may not be improper to take notice, in a more 
general way, of fome others that were made on expan- 
lion; as tending, with certain circum fiances yet to be 
mentioned, not only to confirm thofe already defcribed, 
but likewife to account for many irregularities that occur 
in operating with barometers. 

In the courfe of the preceding experiments, from ac- 
cidents of various kinds, it was often neceffary to reboil 
the quicklilver; and in that operation, many tubes were 
broken. The frequent removal of the focket from the 
bottom of the velfel, in order to get others ground for it, 
became at laft very troublefome ; and made more caution 
neceffary, in foiling fuch as were ground, efpecially in 
frofty weather, which happened to be the cafe in the laf 
days of March, 1775: wherefore it was thought beftintfK 
interim to try, what might be the expanfion of^cplumr 

4 S a o 
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of quickfilver, carefully put into the tube, but not boiled 

therein? 

4 ' 

With this view, the ftandard barometer and apparatus 
were left out during the night of the 29th, that they 

r * ** ^ 

might acquire the fame temperature, which was found 
next morning to be 34°^; the unboiled quickfilver stand- 
ing —th of an inch higher than that which had been 
'boiled. The lamps being applied to the veffel, the 
lengthening of the unboiled column was perceived, on 
the whole, to be more irregular, and the progreffive di- 
minution quicker, than in former experiments ; fo as to 
give, for the maximum of expanfion, only .443 for 180 0 . 
On the morning of the 31ft, the unboiled column, 

"* "r 7 . 1 t t t f ' ' * “*■ < I 1 ; F 

'which' on" the preceding day had been the higheft, was 
lower than the other by near — ths of an inch, the tempe- 
rature of both being 31 °|. As the water acquired heat 
from the application of the lamps, the rate of expanilon 
dimMfhed ; arid, at boiling, was only .40 5 for r 80- 0 . The 
operation of the 30th feems to point out, in a manner 
‘Sufficiently conclufive, that the air contained in the un- 
’ quickfd'veF, rendered its fpecific Gravity lefsl- than 
had been: boiled" even a gp&$ tfhile before; 
^^elTt'Sequii-ed W lm%er column of the ffirfty to counter- 
‘" l>afan^e J flib Veigkbf Shh atinofphere. ’ Ahd though the 
Vacua might poffibly, at the beginning, have' been equally 

eompleat 
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compleat in both; yet they could not continue long fa: 
for the air efcaping gradually from the unboiled quick- 
filver, its elafticity increaling with the .heat, and uniting 
'with the quickfilver vapour, mud; have relifted the dila- 
tation of the column, and rendered it lefs than on for- 
mer occafions; which actually appeared from expert^ 
ment. This is farther confirmed by the obfervations of the 
fubfequent day ; for now the unboiled column was be- 
come the Ihorteft, owing no- doubt to. more air having 
afcended, and rendered the vacuum ftill more incom- 
pleat. Thus, the caufes of refiftance increaling, the di- 
latation is lefiened in a fuperior degree. 

The other- circhmftances to be mentioned, occurred on 
the x 2th of April. After finifhing one of the experiments 
of the fecond clafs, and when the water had cooled to 1.9 2 °, 
the veffel, by accident, received a hidden jolt,, whereby 
the mouth of fhe tube muft have been raifed, for a mo- 
-ment, out of the quickfilver in the cittern. In a few mi- 
nutes after this, intending to obferve how far the column 
had fhorteqed from the decreafing. heat, I was furprized 
to , find, that the; quickfilver had. wholly difappeared in 
. the .tube, .and was funk fo low as not to be feen by looking 
obliquely down at. the eye of the veffel. It was then cer- 
: tain- that air, ■ and probably a particle of moifture along 
with it, had afcended into the upper part of the .fuhe, 

whereby 



678 Col. roy’s Experiments for 

whereby the vacuum was deftroyed in fo remarkable a 
degree. Since this accident made it neceffary to reboil 
the quickfilver, the water (then between 1 8o° and 190°) 
was let out by the cock fixed for that purpole at the 
bottom of the veffel; but before it could be intirely 
“drawn off, the tube and its contents, had fo lenfibly felt 
' the condenfing force of the furrounding atmofplierc, 
then about 48°, that the quickfilver had rifen again, and 
prefented itfelf oppofite to the eye of the veffel, fome- 
thing lower indeed than where it formerly flood. On 
this difcovery, and as foon as water could be boiled for 
the purpofe, the veffel was filled again, when the quick- 
filver fubfided, as before, quite out of fight ; and on draw- 
ing off the water a fecond time, it rofe anew, feemingly to 
its former height. 

The appearance, which this accidental circumftance 
produced, was fuch, as naturally fuggefted that farther 
experiments might have been made, varied as much as 
poflible from each other, by the admiffion of different 
quantities of air, or of air and moifture intermixed. But 
the nature of the veffel rendering it jmpoflible to fee, 
and confequently to meafure, the motion of the quick- 
filver, occafioned by the alternate expanfion and conden- 
fationofthe elaftic vapour contained in the upper part 
h^be, and which could not have been acqotn- 

plifhed 
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plifhed without many troublefome alterations in the ap- 
paratus, therefore nothing of the kind was attempted. 
From the circumftances juft now mentioned, it will be 
readily conceived, how much care is neceffary in ope- 
rating with barometers for the meafurement of heights, 
that the vacua be as nearly as poffible compleat ; and par- 
ticularly, that no moifture get up into the tube. I now 
proceed to the fourth and laft fet of experiments. 

Having found, from the two flrft fets of this clafs, the 
rate of expanfion of a column of quickftlver, in the tube 
of a barometer of the ordinary length, to be progreffive 
and not arithmetical; and that its maximum, for the 180° 
comprehended between feeezing and boiling, was lefs 
than had been fuppofed ; I thought it proper to try, by 
means of artificial cold, whether the condenfation, for the 
32 0 below freezing, followed nearly the fame law? 

For this purpofe the tin veffel, containing the ground 
tube, was rammed quite full of pounded ice and fait, as 
well as the tin ftand holding the iron ciftern below. In 
this operation, twelve pounds of ice and four pounds of 
fait were employed, whereby the mean temperature of 
the mixture was reduced to + 4 0 of Fahrenheit. But be- 
fore the eyes of the vefTel could be fufficiently freed 
from the compofition, fo as to permit the furface of the 
column to be diftindtly feen and read off; it had rifen to 
5 , + 14 0 
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; the temperature of the air, and alfo of the ftandard 
barometer, being at the fame moment 49 The ob- 
ferved condenfation, ariiing from this difference of 35 0 ’, 
■was i^ths of an inch; or .1189, when reduced for the 
height of ^he barometer, which then flood at 30.296. 
Hence the condenfation for 32 0 is .1072, or .0,0335 for 
each degree. In this day’s experiment, when the tempe- 
rature of the mixture had rifen to 3 2 0 , that of the air 
and ftandard barometer was 52°^; whence the reduced 
difference, for the ao° between 32 0 and 52 0 , was found 
•to be .0664, anfwerable to former experiments. 

The fame experiment was repeated two days after, 
with great care, the veffel being filled no. higher than the 
furface of the quickfilver. The mean temperature of the 
mixture was now +4 0 , and that of the ftandard barome- 
ter 49°^. The obfer.ved condenfation, arifing from this 
difference of 45^, was or .1594, when reduced for 
the height of the barometer, then ftandingat 30,416: 
hence the rate for 32 0 is .1 127, or .003,522 for each 
degree. When the temperature .of .the mixture had 
*ifen to 3 a 0 , that of the adr was .51°; whence the aug- 
, rate for the 20% between 3-2°and 52°,was found 

&$$,q 6 j 62 . Iff 

Ffbnh the mean of thefe two experiments it appears, 
condenfation of ;a column of 30 inchf^ of 
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quickfilver in the barometer, affected by the 32 0 of cold 
below freezing, is .1099 : and that the expanfion from 
20 0 of heat, between 3 2 0 and 5 a 0 , is .0663, a number 
agreeing perfectly well with former refults. If the con- 
denfation .1099 thus found, be added to the expanfion 
.5117 arifing from the fecond clafs of experiments, we 
fhall have .6216 for the total difference of height of the 
columns of quickfilver in two barometers, fuftaining the 
fame preffure, but differing from each other in their tem- 
peratures 2ia° of Fahrenheit’s thermometer. 

The feries of numbers expreffed in the annexed table, 
agreeing in all effential refpedts with the expanfions 
found by experiment, will therefore fhew that which 
correfponds to any intermediate temperature, for every- 
1 o° of the fcale. 


4 T 
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Rate of expanfion of a column of quickfilver in the tube 

of a barometer. 
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•ConJlruSHon and application of the table of equation, for 
the expanjion of the quickfilver in the tubes of baro- 
meters. 

In the introduction to this paper there was oceafion to 
remark, that in the application of the barometer to the 
meafurement of heights, various modes of calculation 
had been adopted. The ealieft and heft method feems 
however to be, by means of the tables of common loga- 
rithms, which were firft thought of by Mr. mario tte, 
and afterwards applied by Dr. halley, Mr. bouguer, 
Mr. de luc, and others. They have all proceeded on 
the fuppolition, that air is a truly homogeneous and elas- 
tic fluid, whofe condenfations being proportionable to 
the weights with which it is loaded, its dilatations are in 
the inverfe of the weights; and in confequence of this 
law, that the heights of the atmofphere afeended, are in 
geometrical progreflion, while the correfponding fuc- 
cellive defcents of the quickfilver in the tube of the 
barometer, are in arithmetical progreflion. 

Mr. de luc makes life of an arithmetical or uniform 
equation for the heat of the quickfilver in his barome- 
ters, whereby their relative heights are reduced to what 
they would have been in the fixed temperature of 54°^ 

4 T 2 .of 
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of FAHRENHEIT. In the formulae adapting his rule to 
Englifh meafures (Phil. Tranf. vol. LXVI 1 . N® xx. and 
xxx.) hath been {hewn, that the eafieft and fimpleft me- 
thod is, to make the difference of temperature of the two 
barometer's the argument for the equation ; and that it is 
fufficient to reduce either column to what would have 
been its height in the temperature of the other. But 
whatever may heretofore have been the method of ufing 
the equation for the heat of the quickfilver, while it was 
confidered as arithmetical ; now that it hath been fhewn, 
from the preceding experiments, to be progreflive, there 
feems at leaft to be propriety in applying to each baro- 
meter the equation anfwering to its particular tempera- 
ture. And though, for this purpofe, any fixed tempera- 
ture might have been affumed at pleafure, as that to 
which both barometers were to be reduced; yet, the 
freezing point being fundamental in all thermometers, 
and that being likewife the zero of the fcale for the equa- 
tion depending on the heat of the air, as will be fhewn 
hereafter, it hath been preferred to any other. 

From the experiments it appears, that a column of 
quickfilver of the temperature of 3 a 0 , fuftained, by the 
weight of the atmofphere, to the height of 30 inches in 
the barometer, when gradually affe&ed by different de- 
grees of heat, fuffers a progreflive expanfion ; and that, 

having 
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having acquired the heat of boiling water, it is lengthened 
•rWcfo P arts of an inch : alfo, that the fame column, fuffering 
a condenfation by 3 a 0 of cold, extending to the zero of 
Fahrenheit, is fhortened -—h parts, the weight of the 
atmofphere remaining in both cafes unaltered ; but that, 
in the application of the barometer to the meafurement of 
altitudes, fince the preffure and length of the column 
change with every alteration of vertical height, the 
equation, depending on the difference of temperature of 
the quickfilver, will lieceffarily augment or diminifh by 
a proportionable part of the whole. Thus, if the weight 
of the atmofphere fhould at any time be fo great as to 
fuftain 31 inches of quickfilver, the equation for dif- 
ference of temperature will be juft ^th part more than 
that for 3 o' inches; at 2/5 inches it will be {ths ; at 10 
inches f ds ; at 1 5 inches f ; and at 1 o inches only jd of 
that deduced from experiment. 

It is upon thefe principles that the annexed table of 
equation hath been conftru<fted, for differences of tem- 
perature extending to 1 o 2° of the thermometer, and for 
heights of the barometer from 15 to 31 inches ; beyond 
which limits, it is not probable, that many barometrical 
obfervations will be made. The firft or left-hand co- 
lumn, fhews the height of the barometer for every half 
inch, from 31 to 25 ; thence for every inch downwards 

to 
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to 20 ; the 15th inch being half of the obfcrved expan- 
sion. The five next columns towards the right, compre- 
hend .the additive equation for condensations, answering 
to 0 % 1 a 0 , and a a 0 , with their intermediate differences; 
thofe that are progrefiive, as arifing from difference of 
temperature, being ranged horizontally; and thofe that 
are arithmetical, as depending on the height of the ba- 
rometer, being placed vertically. The temperature of 
3a 0 requires no equation, and the thirteen columns from 
thence towards the right hand, contain the fuhtradive 
equations for expanfion, correfponding to every io° as 
far as 102, 0 , with their progrefiive and arithmetical dif- 
ferences ranged as before. By means of thefe differences, 

I the equation for intermediate temperatures may readily 
betaken out by infpedion. Hence is deduced the firft 
part of the rule for meafuring heights by the barometer. 
When the temperature of the quicklllver is below 3 a 0 of 
Fahrenheit, add the correfponding equation for con- 
denfation to the obferved heights of the columns refpcc- 
■tively; when above 3 a 0 , fubtrad the equation for expan- 
fioh from the obferved heights of the columns relpec- 
tively; with which equated heights of quicklllver, ex- 
preffed in 10 ooth parts of an inch, the tables of loga- 
rithms are to be entered. 

' Table 
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Table, (hewing the equation to be applied to the obierved height of quickfilver in the barometer, from 15 to 31 inches ; and for differences ©f 
temperature extending to 10 a 0 of Fahrenheit : whereby the column is reduced to the height it would have flood at in the temperature of 32 0 . 
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SECTION II. 

Experiments on the expanfion of air in the Manometer .. 

WITH refpedt to order of time, the manometrical 
experiments were made fubfequently to the chief part of' 
the barometrical obfervations, from which, alone an ap- 
proximate rule had previoufly been deduced for the mea- 
furement of heights : neverthelefs, in this paper it feemed 
to me belt, that what related to the expanlion of air in 
one inftrument, Ihould immediately fucceed the expan- 
fion of quickfilver in the other. 

The thermometer made ufe of in thefe experiments 
is above four feet long. Its fcale extends from - 4 0 to> 
+ 224° of Fahrenheit, each degree being more than; 
~ths of an inch : when the barometer flood at 30 inches, 
its boiling point was fixed in the tin veffel formerly de- 
fcribed. Mr. ramsden’s thermometers generally rife in 
the fame veffel 21 3°- ; and the long thermometer* being 
placed in the veffel he makes ufe of to fix. his boiling, 
points, rifes only to 2 ro°. 

The manometers were of various lengths; from, four 
to upwards of eight feet : they confuted of ftraight tubes,, 
5 whofe 
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whofe bores were commonly from ^th to ^th of an 
inch, in diameter. The capacity of the tube was care- 
fully meafured, by making a column of quickfilver, about 
three or four inches in length, move along it from one 
end to the other. Thefe fpaces were feverally marked, 
with a fine edged file, on the tubes ; and transferred from 
them to long flips of pafte-board, for the fubfequent 
conftru6tion of the fcales refpeftively belonging to each. 
The bulb, attached to one end of the manometer at the 
glafs houfe, was of the form of a pear, whofe point being 
occalionally opened, dry or moift air could be readily ad- 
mitted, and the bulb fealed again, without any fenfible 
alteration in its capacity. 

The air was confined by means of a column of quick- 
iilver, long or fhort, and with the bulb downwards or 
•upwards, according to the nature of the propofed expe- 
riment. Here it muft be obferved that, from the adhe- 
lion of the quickfilver to the tube, the inftrument will 
■not a£t truly, except it be in a vertical pofition; and even 
then, it is neceffary to give it a fmall degree of motion, 
to bring the quickfilver into its true place ; where it will 
remain in equilibrio, between the exterior preffure of 
the atmofphere on one fide, and the interior elaflic force 
of the confined air on the other. 
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All the experiments were made when the barometer 
was at, or near, 30 inches. When the bulb was down- 
wards, the height of the barometer at the time of obfer- 
vation, augmented, and when upwards, diminiilied by 
the number of inches of quiekfilver in the tube of the 
manometer, exp-reded the denfity of the confined air. 

Pounded ice and water were ufed to fix a freezing 
point on the tube; and by means of fait and ice, the air 
was farther condenfed, generally four, and fometimes 
five or fix degrees below zero. The thermometer and 
manometer were then placed in the tin veffel, among 
water which was brought into violent ebullition ; where 
having remained a fufficient time, and motion being 
given to the manometer, a boiling point was marked 
thereon. After this the fire was removed, and the gra- 
dual defcents of the piece of quiekfilver, correfponding 
to every 20 degrees of change of temperature in the ther- 
mometer, were fuccelfively marked on a deal rod ap- 
plied to the manometer. It is to be obferved, that both 
inftruments, while in the water, were in circumftances 
perfectly fimilar; that is to fay, the ball and bulb were 
at the bottom of the veffel. 

In order to be certain that no air had efcaped by the 
fide of the quiekfilver during the operation, the mano-' 
meter was frequently placed a fecond time in iheltmg' 
Vol. LXVII. 4 U ice. 



692. Col. rot’s Experiments for 

ice. If the barometer had not altered between the be- 
ginning and end of the experiment, the quicldilver al- 
ways became ftationary at or near the firft mark. If any 
fudden change had taken place in the weight of the at- 
mofphere during that interval, the fame was noted, and 
allowance made for it in afterwards proportioning the 
fpaces. 

Long tubes, with bores truly cylindrical, or of any 
uniform figure, are fcarcely ever met with. Such how- 
ever as were ufed in thefe experiments, generally tapered 
in a pretty regular manner from one end to the other. 
When the bulb was downwards, and the tube narrowed 
that way, the column of quickfilver confining the air 
lengthened in the lower half of the fcale, and aug- 
mented the preffure above the mean. In the upper half, , 
the column being Shortened, the preffure was diminifhed. 
below the mean. In this cafe, the obferved fpaces both: 
ways from the center, were diminifhed in the inverfe. 
ratio of the heights of the barometer at each fpace, com- 
pared with its mean height. If the bore widened to- 
wards the bulb when downwards,. the obferved fpaces,. 
each way from the center, were augmented in the fame., 
inverfe ratio; but in the experiments on air lefs denfe 
than the atmofphere, the bulb being upwards, the fame- 
equation was applied with contrary figns; and if any 
6 extra- 
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extraordinary irregularity took place in the tube, the cor- 
•refponding fpaces were proportioned both ways from 
that point, whether high or low, that anfwered to the 
mean. 

The obferved and equated manometrical fpaces being 
thus laid down on the pafte-board containing the mea- 
fures of the tube; the ai 2 0 of the thermometer, in exact 
proportion to the fedtions of the bore, were conftrudted 
along-fide of them: hence the coincidences with each 
other were ealily feen; and the number of thermome- 
trical degrees anfwering to each manometrical fpace, 
readily transferred into a table prepared for the purpofe. 

I have already had occafion to remark that, from the 
operations of the barometer alone, an approximate rule, 
or mean equation, had been obtained for the meafure- 
meht of heights; but as, among the refults, irregularities 
were now and then met with, doubts naturally arofe, 
whether the equation, inftead of being confidered as uni- 
form, might not follow an increaling or diminifhing pro- 
greffion? Without an infinite number of obfervations, 
in very different temperatures above and below the zero 
of the fcale, this point could not poffibly be determined 
by the barometer: wherefore the firft and chief thing 
propofed to be difcovered by the manometrical experi- 
ments was, whether common air, occafionally rendered 

4 U 2 more 
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more or lefs denfe, by the addition or fubtradtion of 
weight, expanded equally with quickfilver, when af- 
fected with the fame degrees of heat ? According to the 
ratio that took place between the expanlion of quick! li- 
ver and air, above and below zero, I intended to regulate 
the barometrical equation already found, without re- 
garding the proportion of the bulb to the bore of the 
manometer; or in other words, without paying any at- 
tention to the adlual expanfion of the air confined in that 
inftrument. 

But after a great number of thefe firft experiments 
had been made, it was judged proper to compute the 
adtual expanfion of 1000 equal parts of air in the ma- 
nometer, from a heat of a i a 0 ; wherefore, in the laft, the 
^curate capacity of the bulb, with refpedt to the bore, 
was determined; at the fame time that the original mode 
of comparing the thermomqtrical with the manometrical 
fpaces, was ftill adhered to. 

It is eafy to conceive in experiments of this very de- 
licate nature, part of which, namely thofe on air lefs 
denfe than the atmofphere, were extremely difficult and 
even laborious, that mathematical exadtnefs was not to be 
looked for; and that, notwithftanding every poffible pre- 
caution was taken, irregularities would occur. Thefe, 
however, were not fo numerous as might have been 
1 expe&ed, 
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expected, nor any way fo great as to render the research 
fruitlefs : for a few of that kind being thrown out of the 
total number, the mean of the others, which were very 
confident among themfelves, ferved to prove beyond the 
poffibility of doubt, that the expanfions of common air 
did not keep pace with the dilatations of quickiilver. 
The manometrical fpace, anfwering to the 20° of the 
thermometer between 5 a 0 and 7 2 0 , was always found to 
be greater than any other 20° of the fcale. Here it is to 
be underflood, that I do not pretend to have afcertained 
the exadt point in that fpace where the maximum falls : 
the mean correfponds to the 6 2 d degree, and yet I am 
inclined to think that it is fomewhat lower, perhaps it 
may be about the 57th: from this point, the condenfa- 
tions of air downwards, and its expansions upwards, fol- 
low a diminifhing progreflion, compared with the con- 
denfations and dilatations of quickiilver. The mano- 
metrical are equal to the thermometrical fpaces, in two 
points of the fcale ; namely, at, or near the freezing tem- 
perature on one fide, and between the 112 0 and 13 2d 
degrees of the fcale on the other. At the zero and boil- 
ing point they are lefs than the thermometrical fpaces. 
Whether this maximum of expanfion of air, compared 
with that of quickiilver, be owing to moifture, or any 

thing 
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thing elfe mixed with the former, which is brought into 
its greateft degree of adion, about the temperature of 
•57 0 of Fahrenheit, muft be left to the inveftigations 
■of future experimenters : I only relate things as 1 found 
them after many repetitions, without being able to dif- 
-cover any material difference in the refults, even when 
the air was rendered more or lefs denfe by an addition 
to, or fubtradion from, the weight wherewith it was 
loaded. The thermometrical, compared with the mano- 
metrical fpaces^ will therefore appear as in the following 
table. 


Spaces 
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Spaces of the quickfilver 

Spaces of the manometer, 

thermometer, Fahren- 

meafured in degrees of 

heit’s fcale. 

FAHRENHEIT* 

a 

0 

212 

21 2 

20 

17.6. 

I92 

194.4. 

20' 

18.2 

172 

176.2 

20 

18.8 

252' 

I S 7-4 

20' 

19.4. 

132 

138.Q 

20 

20.0 

112 

1 18.0 

20 

20.8 

92 

97.2 

20'' 

21.6 

7 Z 

7 S-. 6 - 

20 

22.6. 

52 

53 -o 

20 

21.6 

3 ? 

3* " 4 * 

20 

20.0 

22 

114 

0 

O' 
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Experiments , for determining the adlual expan f on of com - 
man air , the manometer , ajfebled by the heat op 2 t 2". 

For this purpofe it became neceffary to afeertain, in 
every manometer, the ex ad proportion between the ca- 
pacity of the tube and that of its bulb. This was done, 
by weighing the quickfilver that filled them refpedively, 
in a balance that yyas fenfible to a very fmall fradion of 
a grain. The contents of the bulb, and that part of the 
tube between it an-d'zero, exprefied in grains, was called 
the air in experiment. The apparent expanfion of that air 
was meafured,by. the grains that filled the feveral fedions 
of the tube between zero and the boiling point ; the fum 
being the total expanfion or increafe of volume, from a 
heat of 2 1 2 0 . Th ( e apparent expanfion, thus found, was 
again augmented for the dilatation of the tube, on the 

Ml 

following principles. 

In the firft part of this paper I have fhewn, that folid 
glafs rods dilate much lefs than barometer tubes. The 
mean between Mr. smeaton’s and my experiments, gives 
of an inch for, the longitudinal extenfion of every 
foot of thefe tubes, by 21 2 0 . From the rate of going of 
a clock, for near a year, whofe pendulum rod is folid 
glafs4ts dilatation feems to be one-third part of a If eel rod, 


or 
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or to^o on a foot, by 2 1 2 0 . Now, as the manometers re- 
ferable folid rods much more than they do barometer 
tubes, it is probable their dilatation, even allowing for the 
greater extenfion of the bulb, would not exceed ~-ths of 
an inch on a foot, or -j-^th part on every two inches. In 
this ratio I have therefore augmented the apparent, to 
obtain the true, capacity of each manometer. The equa- 
tion, amounting to about ^th part of the whole, being 
lefs than the common error of fuch complicated obfer- 
vations, might in fadt have been entirely omitted, with- 
out producing any material alteration in the refults. 

Having, in this manner, computed the total increafed 
volume of any number of equal parts of air (according 
to the capacity of the bulb and tube in grains) and very 
often likewife the partial expanfions for intermediate 
temperatures, expreffed by the contents of the corref- 
ponding fedlions of the tube, I then found the ratio 
anfwering to 1000 equal parts, which, being divided by 
the degrees of difference of temperature, gave the mean 
rate for the whole fcale, or the particular rate for any 
intermediate fedtion of it. 

The experiments, confidered in this way, are difuibuted 
into four claffes, whereof the refults are comprehended 
in the four folio wing tables. The firft fhews the expanfion 
of air, whofe denfity was much greater than that of the 

Vol. LXVII. 4 X common 



700 Col. rgy’s Experiments for 

common atmofphere. The fecond, which is divided into 
two fets, contains thofe on air that fuftained a preffure 
lefs than the atmofphere. In the third clafs, a very Oioit 
column of quickfilver being employed to confine the 
air, its denfity differed little from that we commonly 
breathe in: this clafs is likewife fubdivided into two fets, 
and- it will hereafter be made ufe of to regulate the equa- 
tion depending on the temperature of the air, in the ap- 
plication of the barometer. The fourth and laid clafs of 
experiments, were made- on air of the common denfity, 
artificially moiftened by the admiffion, fometimes of 
fleam, and at others of water, into the bulb; it is accord- 
ingly diftinguifhed into two fets. 

table i. Refults of experiments on the expanfion of air, 
whofe mean denfity was equal to atmofpheres. 



Height of 
the baro- 
meter. 

Inches of 
quickfilver 
confining 
the air. 

Deniity 

in 

inches. 

Total expan- 
sion of x 000 
equal parts of 
air by au°. 

Mean rate 
for each 
degree. 

1 

2 

3 

4 

5 

* 9-7 

29.7 

29.62 

29.66 

29.66 

+ 72. 

+ 62.6 
+ 30.84 
+ 24.88 
+ 20.05 

iQi.7 

92-3 

80.46 

54.54 

49.71 

451-54 

423-23 

4x2.09 

439.87 

443-24 

aaaggi 

1.99637 

1-94382 

2,07486 

3.09075 

‘ _ 1 Mean** 1 

. . 75-74 

434-oo 

. 2.04717 
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table hi. Refults of experiments on the expanfion of 
air of the denfity of the common atmofphere. 


Firft fet; common 
air. 


i ^ 

| c econd fet; common 
1 an* heated red-hot 


N° 

Height 
of the 
harom. 

Inches of 
quickfilver 
confining the 
air* 

Denfity 

in 

inches. 

Total expan (ion 1 
of toco equal 
parts of air by 

Z 12 °. 

Mean rates 
for each j 
degree* 

1 

29.95 

+ M 7 

31-52 

483.89 

2.28250 

2 

30.07 

+ 0.70 

3°-77 

482.10 

2.27406 

3 

29.48 

+ 0.42 

29.9O 

4S0.74 

2.26764 

‘ 4 

29 90 

+ 0.83 

30*73 

485.86 

2.29182 

5 

29.96 

+ 0.96 

3 0 .92 

43945 

{O 

do 

O 

CO 

O 

6 

29.90 

+ 0.65 

3 ° 55 

476 04 

2-24547 

.7 

29.95 

+ 065 

30.60 

487-55 

2.29976 

f 8 

30-0? 

+ ° 53 

30.60 

482 80 

2.27736 

*•9 

29 48 

+ 0 52 

30.00 

489.47 

2.30871 



Mean 

30.62 

484.21 

2.284OI 


The total expanlion 484.21 being divided into parts 
proportionable to the manometrical fpaces, meafured in 
degrees of the quicklilver thermometer, as already given ; 
we have the following expanfions for intermediate tem- 
peratures, the rates for every io a below 92’ being found 
by interpolation. 


4X2 


Ther- 
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Thermo- 

metrical 

fpaces* 

Manome- 

trical 

fpaces* 

Total Expan- 
sions for degrees 
above zero, 

1 000 parts. 

Difference 
of expan- 
lions, xooo 
parts* 

Rate for each 
degree, 1000 
parts* 

0 

212. 

192. 

172. 

152. 

132. 

112. 

92. 

82. 

72. 

62. 

52. 

42. 

3 *« 

22. 

12. 

0. 

0 

2 12. 

194.4 

176.2 

157-4 

i 3 8 . 

X 18. 

97.2 

86.6 

75-6 

64*4 

53 * 

42. 

3**4 

21.2 

11.4 

484.210 

444.01 1 

402.452 

359 5°3 

3 i 5 *i 93 
269.513 
222.006 ; 

197*795 

172.671 

I47.O9O 

121.053 

95.929 

71.7x8 

48. 42 1 
26.038 

40.199 

41.559 

42.949 

44.310 

45*680 

' 47*507 

24.211 

25.124 ; 

25.581 

26.037 
25.124 

24.211 

23.297 

22.383 

26.038 

2.00995 

2.07795 

2.14745 

2.21550 

2.28400 

2.37535 

2.421x0 

2.51240 

2.55810 

2.60370 

2.51240 

2.421 10 

2.32970 

2.23830 

2.16983 


Henceza 2.006- 26.038= 1 95.968 = 2.4496,012.45, 
is the mean rate of expansion for the 8o° comprehended 
between 12 0 and 92 0 of Fahrenheit, 


table 
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table IV. Remits of experiments on the expanfion of air, artificially moiftened, by the admiffion of fleam, and fometimes water, into the bulb 

of the manometer. 


N° 

Height 
of the 
barom. 

Inches of 
quickfiver 
confining 
the air* 

Denfity 

in 

inches, 

Total expanfion 
of 1000 equal 
parts of air by 

21 Z°. 

Mean rate 
for each 
degree. 

" rrn 11 r "" n "' ■ 1 ' r » * 1 ' -J- Ut-UUl JL. u ■ rT ^ 1 ^"' ’ 

Expanfion for intermediate temperatures. 

from zero 
to 3 2°. 

32 ° 
to 52 0 

52 ° 
to 7 2° 

7 2 ° 

to 9 2°. 

92 0 

to 112°. 

1X2° 

to 132 0 

132 0 
to 152 0 . 

0 

0 & 

Cl c— 

M 

w 3 

172 0 
to 192 0 

192° 
to 212° 


" i 

3°.x6 

-f x.6 

3*-76 



2-059375 

2.60700 

3.02650 

3-38050 

4.I83OO 

6,48000 

8.67750 

mm 

16.85050 


Firffc fet: fleam ad- 

2 

29.97 

4-2.2 

32.17 

1409.04 

6.64642 

2.20250 

2.59250 

2.90950 

3.67650 

5.16700 


IO.I75OO 

H 

16.57850 

8.25400 

mitted into the 
bulb before it was < 

3 

30,00 

+ 2.2 

32.20 

1350,10 

6.36840 

2.26875 

2.59100 

3.04900 

3 - 7755 ° 

4.369OO 


8 94400 

10.42950 

11,92200 

IX.69OCO 

fealed. 

*4 

3°-43 

+ I.92 

32.35 

1 11 i 


2.20875 

2.51450 

2.74700 

3.25500 

3-73700 

5 - 9 1 35 ° 

9 18950 

”• 5755 ° 

25.88650 



5 

30.2 

+ 1.6 

31.80 

1999.71 

9-43259 

2.36x875 

‘2.51300 

2.96400 

3 - 8 475 o 

5.761OO 

7.19450 

12.29850 

16.69750 

19.29500 

25-2355° 


L6 

30.32 

+2.37 

32.69 

! 2576.16 

j 

12.15169 

2.16250 

2 - 5535 ° 

3,11600 

3.72300 

5-53600 


12.74100 

16,74600 

27.84350 

45.25000 

Second fet: a drop of , 

"7 

30.2 

+ i -3 

Si -50 

11 35-48 

5-35604 

2,22594 

2.74450 

2.90500 

3 - 4775 ° 

5.41900 

6,X6650 

7.98850 

8.58950 


4.98600 

com water acioiittcci j 
into the bulb before 1 

8 

30.06 

+ 3.2 

33-26 



2.54062 

2.63350 

2.80850 

3.78700 

4.60750 


Tube broken. 



it was fealed. * 

“9 

3 ° 3 2 

+ x.6 

31.92 

I 53 s - 3 r 

7.25618 

2.02X56 

2.54250 

3.22500 

3.76500 

5 41700 

6.79250 

9- 1 4350 


13-75550 

| 199327° 

Mean, 

32,18 

1668.I3 

7.86854 

2.22799 

2.58800 

2,97228 

3 - 6 3 I 94 

4.91072 

6.86550 

9.89494 

12.O4087 

17.88344 

19,22470 

Mean of the fecond, third, and feventh. 

3 x - 9 6 

1298.20 

6.12362 

2.23239 

IRPRSIh 

2.95450 

3-643 1 7 

4,98500 

6.9OI5O 

9 -o 35 s 3 

9.88700 

13* *4550 

8.3x000 

Mean of the fifth, fixtli, 

and ninth, | 

32.14 

2038.06 

9.61349 

2.18198 


3.10x67 

3-77850 

5 - 57 I 33 

. 7-27533 

11.39500 

14.38483 

20.29800 

, 3 °- 1 394 ° 


By N° I. the total expanfion for 192° is 1208.72, whence the mean rate is 6.29542. 

4. ig 2 ° I367.O5, 7.I2OO5. 

8. — — 112° 358.03, — — 3.19669. 


From 
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From the experiments of the firft clafs it appears, that 
1000 equal parts of common air, loaded with two at- 
mofpheres and a half, being affedted with a heat of 2 1 2 0 , . 
expands 434 of thofe parts; that is to fay, in its dilated 
flate, it occupies a fpace bearing, to that which it origi- 
nally filled, the proportion of 1434 to 1000: hence the 
mean rate of expanlion of air of that extraordinary den- 
fity is 2.04717 for each degree. 

From the firft fet of the fecund clafs of experiments' 
it appears, that 1000 equal parts of air, prelfed only with- 
-fths of an atmofphere, and fuffering a heat of 2 1 2 0 , ex- 
pands nearly 484 of thofe parts, whereof the mean rate 
for each degree is 2 . 2 8 1 40 . The maximum correfponds 
to that fedtion of the fcale between 5 2 0 and 7 2 0 ; and the . 
rate for the extremes is lefs than the mean. 

But in the fecond fet of this clafs, when the confined 
air was rendered fo extremely rare as to be prefled with . 
only one-fifth of an atmofphere, in which cafe there was 
a neceflity for heating it red-hot before it was poffible 
to make the quickfilver hang in any tube of a moderate ■ 
length, the expanfion of 1000 equal parts of air is, by 
the feventh and eighth experiments, diminifhed to about ' 
two-thirds of the ufual quantity ; and by the ninth, it is , 
.confxderably lefs, amounting only to ,141.5 for the . 180® ' 


2 


com— 
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comprehended between freezing and boiling, oro. 786x3 
for each degree. The maximum ftill correfponds to the 
fpace between 52 0 and 72 0 ; and the minimum is con- 
fhntly at the boiling point. 

From tliefe three laft experiments it would feem, that 
the particles of air may be fo far removed from each 
other, by the diminution of preffure, as to lofe a very 
great part of their elaftic force ; fince, in the ninth ex- 
periment, the heat of boiling water applied for an hour 
together, could only make it occupy a fpace which, com- 
pared with what it filled at freezing, bears the propor- 
tion of 1 141.5 to 1000. 

From the third clafs of experiments it appears, that 
common air, preffed with a fingle atmofphere, whether 
taken into the manometer in its natural ftate, or heated 
red-hot therein, has the fame expanfion with air of only 
five-fixths of that denfity : for 1000 equal parts of this 
air expanded 484. si from 212 0 of heat, whereof the 
mean rate is 2.28401 for each degree. By comparing 
this refult with that of the firft clafs, and again with that 
deduced from the fecond fet of the feeond clafs, it would 
feem, that the elaftic force of common air is greater than 
when its denfity is confiderahly augmented or dimi- 
jrifhed by an addition to, or fubtraaion from, the weight 

6 with 
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with which it is loaded for, in the firft cafe, it bears 
the proportion of 484 to 434; and in the laft, it is (from 

the 

(f) This difference between the elaftic force of common air, and that which 
is artificially rendered more or lefs denfe, by the addition or fubtra&ion of 
weight, particularly the latter, is truly remarkable, and contradi&s the expe- 
rience of boyle, marriotte, &c. It could not arife from the adhefion of 
the quickfilver to the tube, though in the denfe experiments a column of 72 
inches was once made ufe of; becaufe the conftant motion given to the mano- 
meter before the fpaces were marked, muff either have prevented any irregu- 
larity whatever, or made the apparent expanfion fometimes too great, and at 
others too little. But the rare experiments ferve to put this matter out of 
doubt; for if the adhefion of the quickfilver to the tube had tended to leffen 
the apparent expanfion of the air, beneath the truth in one cafe, it muft have 
had a diredl contrary effedt in the other, and augmented it above the truth* 
which it evidently doth not* 

Thefe experiments on the expanfion of air lefs denfe than the atmofpliere, 
were extremely difficult and troublefome; and it was not till after feveral 
fruitlefs attempts that, with the affiftance of Dr. bind, an apparatus was pre- 
pared for making them with fufficient accuracy. The veflel employed for this 
purpofe was made of the brafs tube of a large telefcope, near four inches in 
diameter; it was divided into four pieces, which, when fcrewed together, made 
a pot of fix feet in height. This was mounted on a platform laid over the 
area rails, for the reception of the manometer, which was placed therein, with 
the bulb uppertnoft, the lower extremity of the tube paffing through a foeketat 
the bottom of the veffel, and then through a collar compofed of many thick- 
neffes of flannel. By means of a brafs plate and three long ferews, tlie collar was . 
made to embrace the tube fo clofely, as to fuffer very little water to pafs : fuch as , 
did iffue, oozed off along the fides of a paper funnel, bound round the end of 
the tube, without entering into the bore. In this politico, it required fome degree 
of force topufh the manometer up, or draw it down, till the top of the quick- 
filver confining the air, juft appeared without the collar, fo as to admit the 
fpaces to be meafured, from a fixed point marked on the tube. The veffel being 
filled with boiling water, was kept to that temperature by means of lamps fuf- 

pended. 



■ jio Col. hoy’s Experiments for 

the mean of three experiments) as 484 to 252, when 

preffed with only one-fifth of an atmofpliere. 

The 

.pended around it. Two thermometers were made ufc of; the long one, whole 
ball flood at the bottom ; and a ftiort one at the top, that defeended no lower 
than juft to be immerfed in the water. By fome of the firft of thefe experi- 
ments, the lamps not being placed dire&ly at the bottom, water was perceived 
to be a very bad condu&or of heat; for it would boil violently at the top, and 
the fhort thermometer there would mark 212°, while the long one would only 
mark 185° or 190° at the bottom. By flow degrees the heat would nevcrthelefs 
defeend, and in the fpace of fifteen or twenty minutes the whole column would 
■become of the fame uniform temperature. But when the apparatus was adapted 
for experiments on air denfer than the atmofpliere, in which cafe a plate of tin 
was foldered over the hole at the bottom, that it might be placed on a ftrong 
fire, the heat was then greateft below, and the long thermometer would mark 
.upwards of 215 0 , while the fhort one flood at 209° or 210°. By defifting from 
blowing the fire, or removing a part of it, the particles of water fuffering the 
greateft heat would afeend, mix with the reft, and for fome little time make 
the whole column of an uniform temperature. But the fire being totally 
removed, the top of the column in cooling was always hotteft; wherefore, in all 
.thefe experiments, whether on denfe or rare air, great care was taken to mix the 
water thoroughly. 

From Mr. de luc’s book it appears, that M. amontons found the effect of 
heat on the air confined in his thermometer, which feems to have been the fame 
fort of inftrament with the manometer, proportionable to the weight with 
which it was loaded. By this he could not mean that, being of a double den- 
fity, it had twice the expanfion. I apprehend.it muft here be underflood, that the 
fpaces the air occupied, were inverfely as the weights. That being prefled with 
a double weight, it only filled half the fpace; or with half the weight, a double 
fpace. This is no doubt nearly,, though not accurately, the law that it follows. 
From thefe experiments it appears, that there is little difference in the adual ex- 
panfion or elaftic force of air, preffed with an atmofpliere + or — one- third part: 
yet, when it is rendered extremely rare, its elafticity is wonderfully diminiflxed. 
There feems likewife to be a vifible diminution in its expanfion, when loaded 
' two atmospheres and a half. Some of die tubes that I ufed were near nine 

feet 
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The total expansion 484.21 refulting from the third 
clafs of experiments, which are very confident among 
themfelves, being divided into parts proportionable to 
the manometrical fpaces, as meafured in degrees of the 
quickfilver thermometer, we have the expanfions»for in- 
termediate temperatures, exprelTed at the bottom of the 
third table, where, it is to be obferved, the rates for every 
io° below 9 2 0 were found by interpolation. 

Now as barometrical obfervations wall probably never 
be made in a temperature higher than 9 2 0 in the fhade, 
nor in one lower than 12°, if we fubtradt 26.038, the 
expanfion anfwering to 12 0 , from 222.006, that wdiich 
correfponds to 92 0 , we fliall have 195.968 for the 
80 intermediate degrees; or 2.45 for the mean rate 
on each. This equation, compared with Mr. de luc’s, 
bears the proportion of 245 to 2 1 o, which is a difference 
of Tofloa on every degree, or one-feventh part of the 
•whole : and though this rate will be found hereafter to 

feet long. Had it been poffible to have managed them of double or triple that 
length, fo as to have admitted the air to be prefled with a column of 18 or 20 
feet of quickfilver, I, am perfogided the diminution in the expanfion of air of 
that extraordinary denfity would have been much more perceptible. 

Mr. amlontons found, that the condcnfatxon of air in his thermometers 
kept pace .with that of fpirit of wine, which w,c are told follows, a decreafing 
progreffioit .with refpeft fo quickfilver: wherefore his experiments agree with, 
thefe, in making the condcnfatxon of air below 5 7 0 follow a decreafing pro-, 
greffion, when -compared with that of quickfilver* , ,, 

Vol. LXVII. 4Y ‘ exceed 
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exceed that deduced from the operations of the barome- 
ter in extreme temperatures; yet they agree exceedingly 
well with each other for the mean heat of the air, when 
the barometer will come raoft frequently into uie. 

The' fourth clafs of experiments are all that now re- 
main to be mentioned. The bare infpe&ion of tablk 
• iv. will lhew, how greatly fuperior the elaftic force of 
Tnoift is to that of dry air. It is true indeed, that two 
hinds of irregularities prefent themfelves among the re- 
fults: firfc, with regard to the total expanfion for 11 2°; 
and fecondly, as to the greateft exertion of the elaflio 
force, which fometimes feems to have taken place before 
the air has acquired the heat of boiling water. The 
' firft is eafily accounted for: it muft have arifen from dif- 
ferent proportions, of moifture being admitted into the 
fame quantity of air,, which there was no poffibility of 
afeertaining, the bulbs and. their apertures being of very 
different dimenfions., With regard to the fecond irregu- 
larity, I am rather inclined to think- that it may have 
proceeded from error of obfervation, it being difficult to 
determine 4 he accurate temperature near boiling; efpe- 
cially when any part of the air rofe above the top of the 
veflTel, which was fometimes the cafe, notwithstanding its 
extraordinary height. Be that as it may, a very uniform 
•encreaflng progreffion will be perceived to take place, 

from, 
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from the zero of Fahrenheit, as far as 152 0 or 172°; 
and even to the boiling point, in thofe 'which 1 efteem the 
befr experiments. By adhering to the mean refult it will 
appear that air, however moift, having that moifture 
condenfed or feparated from it by cold, its expanfion dif- 
fers not fenfibly from that of dry air. Thus the rate for 
3 2 0 below freezing 2.22799, is nearly the fame as in dry 
air; but no fooner doth the moifture begin to diflolve 
and mix with the air, by the addition of 20° of heat, 
than the difference is perceptible : for infteadof 2.4667 5, 
the rate for 20° above 32 0 in dry air, we have 2.588 for 
that which is moift. In the next ftep of 20°, the rate for 
dry air is 2.5809; whereas that for moift is 2.97. In 
this manner the progreffion goes on continually encreaf- 
ing, fo as to give 7.86854 for the mean rate on each de- 
gree of the 2 1 2 0 , which is near three times and a half 
the expanfion of dry air. And laftly, the rate for the 
20 0 between 192° and 21 2°, is twice and one-half the 
mean rate, and about nine times that which correfponds 
to the. zero of the fcale: but if the comparifon is drawn 
from the mean of the fifth, fixth, and ninth experi- 
ments, as being probably neareft the truth, the total ex- 
panfion of moift, will be more than four times that 
of dry air ; and the rate for the temperature at boiling* 
■ ■ . 4 Y 2 . ■ , will 
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will be nearly fifteen times that whicli correfponds to 

the zero of Fahrenheit. 

I am aware it will be alledged, that the proportion of 
moifture admitted into the manometer in thefe experi- 
ments, is greater than what can ever take place in nature ; 
and therefore, in order to be able to judge of the degrees 
of expanfion the medium fuffers in its more or lefs denfe, 
and more or lefs moift ftates, that not only air near the 
furface of the earth, but likewife that found at the top of 
fome very high mountain, ihould have been made ufe of. 
I grant all this : but on the other hand it muff be remem- 
bered, that thefe experiments are very recently finifhed; 
that a good hygrometer (if fuch can ever be obtained) 
a great deal of leifure time, and the vicinity of high 
mountains, were all neceffary for the carrying of fuch 
a fcheme into execution. 

It is for thefe reafons, and in hopes that other people 
will, fooner or later, inveftigate this matter ftill farther, 
not only by experiments made on the expanfion of air, 
taken at different heights above the level of the fea in 
middle latitudes, but likewife on that appertaining to the 
humid and dry Regions of the atmofphere towards the 
equator and poles, that I have been induced to haften the 
• comtriunication of this paper. In the mean time having, 
proved, beyond the poffibility of doubt, that a wonderful 
■ ' 2 difference 



meafuring Heights with the ’Barometer. 715 
difference doth exift between the elaftic force of dry and 
moift air,, I may be allowed hereafter toreafon by ana- 
logy, on the probable effects this will produce, in mea- 
furing heights with the barometer ; leaving it to others, 
much better qualified, to confider how far it will affedt 
aftronomical refractions. In the following fedtion I fhall 
therefore give an account of the barometrical obferva— 
tions made in Britain^ and compare, them with fome-; 
others made in. diftant countries.. 


SECTION IIL 

Art account of the barometrical obfervations made in Bri- 
tain, wherein they are compared with fame others of the 
fame kind made in diftant countries * 

THE revival of the inquiries into that curious and 
ufeful branch of philofophy, whereby vertical heights 
are determined to a great degree of exadtnefs, by the 
preffure of the atmofphere alone, we owe to Mr. de luc ; 
who hath undoubtedly removed many of the difficulties 
that formerly occurred in the application of. the barome- 
ter, and thereby encouraged others to attempt to over- 
come,, fome part at leaft, of fuch as .remain.- - • 

It 
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If the rule deduced from the oblervahons on Salevc 
had been abfolutely free from exceptions, and if. there 
had not been particular points in the theory concerning 
which the ingenious author himfelf feems to have enter- 
tained doubts, it would probably have been univerfally 
adopted, without undergoing any very fcrupulous invef- 
tigation ; but the obfervations made at Sun-riling on Sa- 
3 eve, gave refults that were defective, or Ids than the 
real height. In certain cafes, the equation for high tem- 
peratures, remote from the zero of the fcale, appeared to 
follow a diminilhing, and in others an increafing pro- 
greffion. Hence arofe feme caufes of uncertainty, with 
refpeCt to the fpecific gravities of quicklilver and air, and 
the relative expanlion of one compared with the other; 
efpecially when the atmofphere happened to have more 
or lefs moifture diffelved in it. It v r as doubtlefs from 
conliderations of this fort, that Mr. de luc, in his book, 
fo ftrongly recommends the making of numerous fets of 
obfervations, in different countries ; that, by the united 
labours of all, this interelting part of natural philofophy, 
might be brought ftill nearer to perfection. 

, With this general objed in view, I am now to give an 
account of the principal barometrical obfervations that 
have been made in Britain, on heights determined geo- 
metrically with great care. Thefe heights are claffed in 

the 
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the following lift in fix lets, according to the diftricts- 
of the country wherein they are fttuated, and nearly in 
the order of time in which the obfervations were made. 


N° i. _ 
Heights in 
and near 
London. 


Height in feet. 

r St. Paul’s Church-yard (g), North -fide, and iron gallery] « 
over the dome, — — — J 2 ® 1 

Top of Paul’s -flairs, and the Paid gallery, • — 324 

Top of 'Scotland-yard wharf, and the dining-room of] 

^ the Spaniard* on Hampftead- heath, — j 4 ~- 

Great Pulteney-flrect, and the faid dining-room, k — 352 

Pagoda in Kew gardens, — — — iio|* 

Gun wharf in Woolwich Warren, and uppermost florv ] 
of Shootcr’s-hill inn — — — J 444 


(g)’ Mr. banks, affifted by other gentlemen, meafured very accurately with 
a line the height of the ball of St. Paul’s above the floor of the church, which 
was found to agree, exceedingly near, with that taken from the engraved fe&ion 
of 1 the building. The diftance of the ball from the dining-room of the Spa- 
niard, was found by a bafe meafured on Hampftead-heath ; and their relative 
heights by the angle of depreffion of the ball, taken with the agronomical qua- 
drant from the faid dining-room. The heights of PaulV flairs and Scotland- 
yard wharf, with refpeft to each other, were found by meafuring from them- 
feveraliy to the furface of high water in the Thames. And the relative heights 
of the church-yard and floor of the church with refpcfl to the flairs, and' of 
Fulteney-llreet with regard to the wharf, were obtained by levelling to them 
tefpedtively. 

(b) The height of Shooter Vhill inn, above Woolwich, was found by a bafe 
meafured in the meadows from the Warren eaftward. Lord muio&ave, Mr,. 
banks, and Dr. solander, affifted in the geometrical operations; as did 
Dr.* bbagden, Meff, de lvc and leqyp, in the barometrical obfervations. 
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2. . 

f ncar Tay- 
b ridge in 
P-er thill ire. 


Station at the Eaft-gate of Caftle Menzie’s gardens 1 
near the village of Weem ? and top of Weern Craigs J 
The laid ftation^ and top of Bolfracks Cairn, **— 
The faid ftation, and top of Dull Craig, 

The faid ftation, and top of Knock Farle,^ — - 

The faid ftation, and that at the rivulet ot Glcnmorc^l 
below the South obfervatory on Schihallien, — J 
The faid ftation, and South obfervatory, — * 

The faicl ftation, and Weftern fummit of Schihallien, 
Station at the rivulet of Glenmore, and the South ob~ 1 
- fervatory, — — — ’ — J 

' Level of the Clyde at Lanark- bridge, and ftation ini 
the garden at Lanark, — — J 

. , 0 , Ditto level, and top of Stonebyrc-'hill, — 
near Lanark, d Robinhootfs well, before Carmich ael - lio u fe, and top 
of Tinto, four feet below the fummit of the Cairn 
‘Ditto well, and Weft end of Carmichael-hill, 


N° 


?} 


■.N° 4, 
Hear Edin- 
burgh. 


N° 5. 
near Lin- 
houfe. 


N* 6. n ' ' ; 

oearCarnar- I Carnarvon Quay, and Snowdon Peak, 
•yon in North [Ditto, and fummit of MoelEiiio, 

j j i’ . , ‘ u _ 


Feet, 

7°°l 

1076 1 
1244J 
1364! 

12 79 ‘f 

2098 

3281 

8i8f 


Leith* pier-head, and top of the Calton-hill, — 

Leith pier, and fummit of Arthur’s Scat, — — 

Leith pier, and, Kirk-yetton Cairn, on the Eaft-end of] 
the Pentland hills, — — — J 

Calton hill, 1 arid ditto Cairn, — — — * 

Level of Hawk-hi!l finely, and top of Arthur Seat, 
Hawk-hill obfervatory, and bottom of the little rock \ 
on Arthur Seat, feet below, the fummit, — • J 

l Hawk-hill garden-door, and 'ditto little rock, — 

'Linboufe, and Eaft Cairn-hill, 5 feet below the fummit, 
•Ditto, 18 feet below the top, — — 

Linhoufe, and Weft Cairn-hill, 11 feet below the top, 
Ditto, and Corftown- hill, 4 feet below the top, — 
Corftown-hill, and Weft Cairn-hill, 1— — 

Ditto,’ and Eaft Cairn-hill, — , w , — 


3 <> 2 { 
654 
1642I 
45 if 

344 

803 

1544 

X20O 

702$ 

68 ., 

73°l 

x 1 76I 
n6c£ 


11 


H 

6 i 


3 

792 

77H 


3555 

2371 


To enter into a minute detail of the geometrical ope- 
rations, whereby the whole of thefe vertical heights 


were 
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were determined, would be extremely tedious and unin- 
terefting. That fome idea may however be formed of 
the degree of accuracy with which they were afcertained, 
it will be fufficient to obferve, that the requiiite angles 
were taken with an aftronomical quadrant of a foot ra- 
dius, made by Mr. sisson, and curioufly adapted for the 
meafurement of horizontal or bafe angles ; which, as well 
as thofe of the vertical kind, might always be determined 
thereby to within ten feconds of tlie truth. The bafes 
were meafured with care ; and, in order to afcertain the 
diftances, the three angles of each triangle were, as 
often as poffible, actually obferved with the quadrant. 
That the variation of the line of collimation of the in- 
flrument, which was found to alter in carrying, might 
occafion no error, one or more of the angles of elevation, 
at each ftation, were taken on the arc of excefs, as well as 
on the quadrantal arc. In all cafes, the ufual r>) allow- 
ances were made for curvature and refraction : and for 
the correction of the iaft, fometimes the angles of de- 

(!) If the fquare of the diftancc be divided by the diameter of the earth, the 
quotient will give the curvature of the globe on that di fiance, or the excefs of 
the apparent above the true level: and, by Mr. maskblyne’s rule, the fquare of 
the diftauce being divided by the diameter of the earth, augmented by one- 
fourth part, we have the allowance for curvature and refraction; which laft is 
fuppofed to raife the objefi, by an angle equal to that of a great circle fubtended 
by one-tenth part of the cliftancc* 

4 z 
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preftion as well as of elevation were taken. When time 
would permit, the geometrical operations were repeated 
at the firft ftations; or the angles of elevation were ob- 
ferved from fome new point conneded with the firft, 
and whofe relative height, with refped to the others, was 
known. Small altitudes were occafionally determined by 
levelling from one ftation to the other. 

To prove that the vertical heights, afligned to the places 

''Pi 

in the preceding lift, are exceedingly near the truth, I need 
only mention the following inftances, by way of confirma- 
tion. In 1771, with the affiftance of Dr. lind and his 
friend Mr. hoy, I meafured a bafe from the obfervatory 
of Hawk-hill weft ward, whereby the height of the fum- 
mit of Arthur’s Seat, above the telefcope of the Hawk- 
hill quadrant, in its horizontal pofition, was found to be 
685.66 feet. In 177 5, thefe gentlemen levelled, three 
feveral times, from the fummit downwards to the faid 
telefcope ; and found the vertical diftance to be, by the 
firft operation, 686.47 feet; by the, fecond, 684.43; 
and by the third, 685.25. This laft, which, from the 
great care that was ufed, they confidered as the heft,, dif- 
fers only three-tenths of a foot from, the geometrical re- 
ftdt. They afterwards continued, the- operation of level- 
ling from Hawk-hill to the pier of Leith, and' having 
Repeated it twice, with a difference, of only two inches 

between, 
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between the refults, they found the mean defcent to be 
t 1 7.38 feet : hence Arthur’s Seat is above Leith pier, by 
the mode of levelling, 802.66; and by the mixed me- 
thod 803 feet. 

In 1774, when the aftronomer-royal was carrying on 
the Society’s experiments for afccrtaining the attraction 
of Schihallien, I found, from my own geometrical opera- 
tions, depending on a bafe meafured in the plain near 
Taybridge, the Weftern fummit of the mountain to be 
1183 feet above the South obfervatory. 

Of this height, the effeCt of curvature and refraction 
amounted to 28.86 feet, on the diftance of Bolfracks 
Cairn from the obfervatory; and to 38 feet, on the dif- 
tance of the faid Cairn from the fummit of Schihallien. 
The relult of thefe operations I communicated to Mr. 
maskelyne, before his trigonometrical operations were 
begun. From the data which he hath ft nee been fo 
obliging as to furnifh me with, depending on the bafe in 
Glenmore at the bottom of Schihallien, and the angles 
of elevation taken from the Southern extremity of that 
bafe, the Weftern fummit of the mountain is t 186.6 
feet above die South obfervatory. But if the triangle 
that ferved to conned the ftation of the barometer in 
that valley with the others, and the angles of elevation 
taken from the fame ftation are made ufe of, the dif- 

4 Z 2 ference 
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ference of height will be 1183.33 feet. Laftly, Mi. 
maskelyne’s refult, from the triangles on the North-hde 
of the mountain, makes it 1 x 80. The mean ot thole 

three x X 83.31 feet, is the height of the Wefternfunmut 

of the mountain above the South obfervatory, which only 
exceeds my height by one-third of a foot. Here it is to 
be obferved, that from the vicinity of thefe triangles to 
the mountain, and the ihortnefs of the fules, the greateft 
curvature amounted only to 1 6 or 1 7 inches, which con- 
fequently made the effeft of refraftion next to nothing. 
This near agreement between the refults feenxs tlieie- 
fore to prove, that the mode of computation for curva- 
ture and refraaion, made nfe of in the Taybridge obfcr- 
vations, is juft. 

By the firft angles of elevation, taken fiom the ftaticn 
of the barometer in Glenmore, the Weftcin lhmmit of 
Schihallien is 2001.88 feet above it; from which, if we 
dedua 1183.33, there remains 815. SS for the height of 
the South obfervatory above the faid ftation : but if. the 
laft angles of elevation at the ftation of the barometer 
are made ufe of, the height between it and the obforva- 
tory comes out 818.975 whereof the mean is 8 18.76 
. f ee t. Though thefe inftances are of th^mfelves fufti- 
derit to prove, that the geometrical heights may be lately 
depended upon; yet, as an example of the method that 

was 
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was always made rife of, I fhall annex to this paper, a 
plan of the triangles and detail of the operations for ob- 
taining the height of Snowdon ; becaufe that mountain, 
at the fame time that it is the highed I have meafured, 
is, from its lituation, more likely to be vifited, and to 
have experiments repeated upon it, than the remote hills 
of the North. I now proceed to give fome account of 
the barometrical obfervations.. 

The heights in and near London being ib very incon- 
fiderable, it was eadly forefeen, that nothing conclujive. 
could be drawn from, obfervations made on them alone. 
It was, however, natural enough to try, even on thefe,.. 
whether the rale we had been furnifhed with would an- 
fwer? A fmall height of 41 feet 4 inches, which, with- 
out inconveniency, could be recurred to at all times of 
the day, and all leafons of the year, was the firffc that 
was made ufe of. St. Paul’s, Hampftead, Kew pagoda, 
and Shooter’s-hill, were the next. The mean refults of 
many obfervations on the three firft, and of feveral oil 
Shooter’s-liill, were found to be defective. In general 
the colded obfervations, made in the morning and even- 
ing, when the temperatures at the two dations differed, 
lead; from each other, anfwered bell. In the hotted part 
of the day, when that difference was the greateft, the; 
refults were mod defective.. : ' 

Some; 
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Some months fpent in Scotland in the fummer of 
1774, afforded opportunities of making barometrical ob- 
fervations on hills of various heights, from three or four 
hundred, to upwards of three thoufand feet, as hath been 
exhibited in the preceding lift. That feafon was re- 
markably cold and wet; wherefore, in thefe obfervations, 
the mean temperature of the air in the fhade was com- 
monly about 55 0 . The hotteft never exceeded 63° in 
the plain ; and the coldeft, namely thofe on the higheft 
mountains, were generally from 43 0 to 48°. 

From the defect found in the refults of thefe obferva- 
tions, which, with refpect to temperature, correfpond to 
the mean and hotteft of thofe made at Sun-riling on Sa~ 
leve, and without any exception whatever, I could ealily 
difeover, either that a much greater equation than what 
the rule directed, muft be applied for each degree of heat 
above the zero of the fcale; or, that the zero itfelf would 
fall coniiderably lower than 39°74, where Mr. de .vue’s 
formula, adapted to Englilh meafures, hath fixed it* 
This firft ftep towards a corre&ion of the rule, naturally 
pointed out the fecond thing to be aimed at, namely, the 
•Obtaining of a fufficient number of cold obfervations, 
near the zero, and as far as poftible below it, that the 
equation might difappear entirely, and even come to be 
applied with the contrary fign. of this kind the winter 

till:-,. T r r 

flKk leafons 
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feafons of 1774 and 1775 afforded a few on the fmall 
heights in and near the metropolis; but the bell I have 
been furnifhed with are thofe which Dr. lind, affifted 
by Mr. hov, was fo obliging as to make on Arthur’s Seat 
near Edinburgh ; and thofe which Captain calderwood- 
has fince favoured me with on the Cairn-hill s, being a 
part of the Pentland range to the South-weft of that city. 

By comparing thefe fets of obfervations together, it 
appeared from all of them, that when the air was at or 
near the freezing temperature, the logarithmic differ- 
ences gave the real height, in Englifh fathoms and thou- 
sandth parts, without any equation; and when confidera- 
bly below that point, the equation was to be fub trailed, or 
applied with the lign - inftead of + . It was farther per- 
ceived, that the fame general conclufion might be drawn 
from the coldeft, not only of the Sun-rifing, but even 
of the ordinary obfervations on Saleve, fome reduction of 
the temperature being in certain cafes made, on account 
of the expofure of the thermometer to the Sun’s rays 

’ 1 * 

hence I was led to fuppofe, that the morning obferva- 
tions, inftead of being made exceptions from the rule,, 
were thofe, which, it might be prefumed, would form 
the beft bafis for deducing the equation depending op 
the heat of the air; becaufe the mean temperature of the* 
column was then found to differ leaf! from that of its, 


ext re- 
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extremities ; whereas in the hotteft time of the day, that 

difference was generally the greateft. 

Having been enabled, by means of the cold obfcrva- 
tions, to form fome judgement whereabout the zero of 
the fcale would fall, below which the equation was nega- 
tive, and above it affirmative; it followed of courfe, that 
the next principal thing to be fought for, was the maxi- 
mum of equation, or that correfponding to the liigheft 
temperatures the climate of our ifland would afford. It 
W r as partly with the view of obtaining thefe that I went, 
injuly 1775, to Snowdon in North Wales. On this expe- 
dition Captain calderwood was fo obliging as to accom- 
pany me, and lend me his affilfance in the operations for 
determining the geometrical height of that remarkable 
mountain. At that particular period, the weather proved 
unfavourable for obtaining hot barometrical obferva- 
tions ; but, in other refpedts, they were very latisfadtory, 
as being in general confident among themfelves, and 
agreeing fuffciently near with thofe of the preceding 
year in Scotland; at the fame time that they were made 
on a height, as formerly mentioned, greater than any 
other hitherto meafured, with equal care, in Britain. 
During the futpmer of 1776, Dr. lind, obtained fome 
' more hot obfemtions on Arthur’s Seat; and in the begin- 
■ning of the following winter, Captain calderwood 
5 made 
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made others of the cold kind, on the Cairn-hills in his 
neighbourhood. From the combination of the whole of 
thefe obfervations taken together, and a comparifon of 
them with Mr. de lug’s, as far as they are flmilar, I 
mean to fhew the agreement or otherwife, between the 
equation for the heat of the air, as deduced from the ba- 
rometer and manometer; but fince the Britifh obferva- 
tions, in certain cafes, differ confiderably in their circum- 
ftances from thofe on Saleve, it is neceffary, in the firft 
place, to point out wherein this difference chiefly con- 
fifts. 

In the obfervations in Britain, the barometers and de- 
tached thermometers have been, aim ~ 

l — vroA <xjnitantly, placed 

in the op§-* Wl , in ,^ e n ia d e and fuffered to remain there 
0 -xicfaiiy half an an d fometimes a great deal 

ranger* before the correfponding obfervations were be- 
gun, that the quickfilver might have time to take the 
temperatures of the fltuations refpetfively. They were 
then obferved four times, ufually at intervals of ten mi- 
' nutes, the mean of the four being that which is calcu- 
lated, and called a Angle obfervation. If the time did not 
admit of fo long an interval, the fame number of obfer- 
vations were taken at diftances of five minutes from each 
other. In either cafe, the extremes never differed above 
a few thoufandth parts of an inch from the mean, fo as to 
Vol. LXVII. 5 A render 
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render the computations of them feparately wholly tut- 

neceffary. 

Except in very final! heights, and chiefly in London, 
where it was impoflible to fcreen the upper barometer fo 
effectually from the Sun during the time of obfervation 
as that below, which generally flood in the fliade of fome 
building, the temperature of the quickfilver in the fu- 
p'erior fk) hath been colder than that in the inferior baro- 
meter. The difference was commonly found to be two 
or three degrees fometimes it would; amount to fix 
or feven; rarely, in heights that were confiderable, to 
nine or ten; and in one inftance.only to thirteen, where 
the vertical diftance of the infiruments was great. , 

Whether in the plain or on the . tops of the higheft 
mountains, the detached thermometers, indicating the 
temperature of the air, have generally flood fomething 

(k ) I have fometimes found, particularly in frofty weather, that a thermo- 
meter placed on the pavement of the North-fide of St. Paul’s Church-yard, 
clofe to the wall of the building, would Hand two degrees lower than that which 
was cxpolcd on the North-fide of the iron gallery over the dome. The firfi, no 
doubt, felt the cold produced by. the evaporation .from the fioncs, while that 
above might be affefted - by the afeending fmokc.- But the moft remarkable 
inftance of this kind occurs in one of Dr. lino’s obfervations, on the breaking 
up, of the hard froft January 31, 1776: at Hawk-hill, at iO h 45'.' AM. the 
temperature of the open air was 14 0 , while that at the fummit of Arthur’s Seat 
was 20°. The froft that remained in the ground kept the air extremely cold 
below, though it had already felt die effe&s of the thaw at the top of the 
mountain. 


lower 
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lower than thofe attached to their refpe&ive barometers, 
until they had remained a confiderable time in the fame 
fituation, equally fliaded from the Sun, when they always 
agreed: whence it followed, that in thefe obfervations, 
the mean temperature of the air, and equation depending 
upon it, might always have been determined very near 
the truth, from the temperature of the quickfilver in the 
tubes, as ftiewn by the attached thermometers, without 
ever confulting the detached ones. Let us now fee what 
were the circumftances attending the obfervations on 
Saleve. 

Mr. de luc’s lowermoft barometer flood in the 
ground-ftory of a houfe near Geneva, where it remained 
unaltered during the whole of his experiments ; while 
the detached thermometer, indicating the temperature 
of the air, was expofed on a fmall eminence, at a little 
diftance, directly to the Sun’s rays : hence we find that, in 
the obfervations of high temperatures, the bottom of the 
column of air is often 12 0 or 1 5 0 , and in one cafe 18 0 , 
hotter than the quickfilver in the tube. And even in the 
lowed; temperatures, the bottom of the column of air is 
geuerajk hotter than the quickfilver within doors, con- 
trary to common experience in this country: for in Eng- 
land, in winter, the exterior air in the lhade is always 
colder than the interior -air. This circuniftancc "gives 

5 A 2 reafo? 
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reafon to apprehend, that the thermometer fuffered not 

only diredt but refledted heat. * 

The fu'perior barometer was lhaded with a parafol 
from the Sun, while its correfponding detached thermo- 
meter was expofed to his rays : wherefore, in the older- 
vations of high temperatures, the top of the column of 
air is uihally four or five degrees hotter than the quick- 
filver in the barometer handing in the fame air; and the 

M 

mean heat of the column often exceeds very confidera- 
bly the mean heat of the quickiilver in the tubes. 

In many of the coldeft of Mr. de luc’s obfervations,. 
as well as in thofe of mean temperatures of about 50° or 
55 0 , the fuperior barometer is often the hotteft of the 
two, even when the furrounding atmofphere at the top is 
colder than at the bottom. This circtimftance is eaflly 
accounted for: wood" is known to be a bad conduc- 
tor of heat, to receive it flowly, and retain it long: that 
barometer,, which was moved about from place to place 
upon the mountain, with a very fhort interval between 
the obfervations (as is fufficiently evident from the great 
number of Nations it paffed through in a limited time) 
muft have acquired and retained heat fuperior to mat of 

the atmofphere, and communicated it to the tube with 

„ ' * 

which it was in contadt. Some difference would no 
doubt arife from this caufe, if the temperatures of the 

quickfilver 
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quickfilver in the tube and attached thermometer did not 
keep exactly pace with each other. 

The laft point to be mentioned is ftill more remarka-- 
ble than the reft-; it is briefly this : in the obfervations at 
Sun-rifing on Saleve, though the fuperior. quickfilver is 
the coldeft ; yet the top of the column of air is commonly 
five or fix, and fometimes eight or nine degrees, warmer ' 

than the bottom. 

Having thus fhewn the fteps that were taken, for ob- 
taining the coldeft and hotteft. barometrical obfervations 
that the climate of this bland would afford, the mode of 
ebferving, and wherein the circumftances attending them 
differed from thofe on Saleve,! fliall now point out the 
general refult. In order to avoid repetitions as much 
as poffible, it is neceffary, once for all,. to remark, that 
the computations of the Britifh obfervations, by the rule 
hereafter to be given, are fubdivided into their, refpeaive 
claffes. Each table contains 15 columns, which their 
titles fufficiently explain, that the principles from which 
the rule was deduced, the refult and error, might all ap- 
pear in one view. The laft column towards the right- 
hand fhews the ratio of the weight of quickfilver. to air, 
the columns of the firft in the barometers -being Seve- 
rally reduced to the mean temperature of the laft. 
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By comparing the tables it will be found, that the ob- 
servations for extreme temperatures belong to the Edin- 
burgh clafs of obfervations (N° 4.) it being thought beft, 
in this cafe, to omit the few hot ones obtained on the in- 
confiderable heights near London : the mean of the 
coldeft, anfwering to the temperature of 2i°.75, make 
the logarithmic excefs and the mean of the hotteft, 
•.correfponding to the temperature of 69°. 6, give adefedt 
of tIIj. Now the fum of the two equations being di- 
vided by the difference of temperature 47°. 8 5, we have 
nearly 2-3 for the mean rate of the equation on each 
degree, which is lefs than that refulting from the opera- 
tions of -the manometer. Again, from the mean of the 
very beft obfervations, as being made on the greafeft 
heights, #hen the temperature of the air is 5 a 0 , it ap- 
pears, that the defeat is' from or 2.5 for each 
degree nearly, which agrees perfectly well with the rna- 
nometrical expan fion. In this cafe, the ratio of the 
weight of qhickftlver to air is as 1 1 377 to 1; greater very 
confiderably than 1 1 232 to 1, affigned to them by Mr, 
DE luc, when the temperature is 69°. 3 2, anfwering to 
the zero of hi’s fcale, without any allowance fof the di- 
minution of 'j^ffure on his columns, which fliould have 
rendered air ftill comparatively , lighter. From the Bri- 
tifti obfervations, made on the meft confiderable heights, 

it 
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it appears, that when the temperature of the air is 2 8°. 2, 
the ratio of its weight, with refpedt to that of quickfil— 
ver, is as..i to. 1:0.55a: hence the increafe of the weight 
of air, on every degree of difference of temperature be- 
tween 28°. 2 and.5 2^5,. amounts to 34.4; and hence we 
have 5 2 0 . 5 -4 0 . 2=48°. 3 for the temperature of the air- 
in Britain, when its weight would be ~ — of that of 
qmckfilver; and confequently agree with Mr. de luc’s,. 
though the heat would differ from his 2 1 . It will no 
doubt be remarked, that the equation for the. air, refult- 
ing from the operations of the barometer, falls fhort of 
that given by the manometer. Part of. the difference, I 
apprehend, may arife from the fmall number of baro- - 
metrical obfervations obtained in extreme temperatures 
I fhall, neverthelefs, adduce reafons hereafter for fuppo- • 
ling, that it really fhould diminifli, becaufe of. the drier 
and lefs elaftic ftate of. the fuperior air, compared with . 
that taken into the manometer . at the earth’s furface. In , 
the mean time, fince both inftruments agree in the equa- 
tion for 5 2 0 , which is a heat that the barometer will very 
frequently be ufed in, it feems beft to adhere to the mean .; 
manometrical refult 2.45, in fixing the zero of the fcaje, . 
which is obtained in the following manner. . 

Divide- the excefs or defeat, expreffed ip ,1000th parts , 
of the .logarithmic refnlt, by 2.45, the mean expansion of. 
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air for each degree of the thermometer ; the quotient 
will give the number of degrees, in the firft cafe, to be 
added to, and in the laft fubtra&ed from, the tempera- 
ture of the air in the obfervation; the fum or difference 
anfwers to the zero of the fcale, or that temperature 
When the logarithmic refult gives the real height in 
Englifh fathoms and ioooth parts. 

According to this mode of computation, we have, 
from the aggregate of the feveral claffes of Britifh ob- 
fervations, the place of the zero as follows : 


JBy the ift clafs of obfervations in and near London, ' 
between the temperatures of «—* — ' 

Zero. 

0 00 

j- 25.5 and 71.2 at 32.2 

zd, near Taybridge, — - •— « 

46.1 — 

62.9 - 31. 1 

3d, near Lanark, — «— 

44* “ 

62. - 32.8 

4th, near Edinburgh, — 

17. — 

O 

f 

to 

*-< 

th 

5th, near Linhoufe, — ' — 

26.1 — 

46.5 - 2Q.0 

6th, near Carnarvon, < — — * 

4 Q*I 
• * 

62.3 * -J g 

Mean place of the zero at — « 

— 

31-7 


The number 31**7 differing fo very little from 32% 
we may hereafter confider that remarkable point of Fah- 
renheit’s thermometer, as the zero of the fcale depend- 
ing on the temperature of the air; and hence is deduced 
the fecond part, of the rule for meafuring heights with 
the barometer. When the mean temperature of the co- 
Jumn of air to be meafured is at 32° of Fahrenheit, the 

difference 
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difference of the common logarithms of the equated 
heights of quicklilver in the inferior and fuperior baro- 
meters, expreffed in 1 o o oth parts of an inch, gives the real 
height in fathoms and 10 ooth parts, the three figures 
towards the right-hand being decimals, and the reft in- 
tegers; which, being multiplied by fix, gives the refult 
in feet. 

Let us next confider, in a general way, how far this 
will correfpond, or otherwife, with Mr. de luc’s obfer- 
vations in extreme temperatures. 

I have already had occafion to remark, that when the 
temperature of the air was at 69°. 3 2, as indicated by 
thermometers expofed to the Sun’s rays, Mr. de luc 
found that the differences of the common logarithms of 
the heights of the barometers at the two ftations, gave the 
altitude between them, in French toifes and 100 oth 
parts : in which cafe the fpecific gravity of quicklilver to 
air was as 1 1 2 3 2 to 1 . When his formula is adapted to 
Englilh meafures, the zero of the fcale neceflarily de- 
fcends to 39.74, where the Englilh fathom bears the 
fame proportion to the modulus of the common loga- 
rithms, as, in the former cafe, the French toife did to that 
modulus, the equation for the intermediate temperature 
being now applied with the contrary ligii. As it hath 
been Ihewn, that the Britifh obfervations differ in their 
. Vo L. LXVir. 5 B cirtum-' 
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drcumftances from thofe on Saleve, and require a greater- 
equation, it is unneceffary to enter into any minute com- 
parifon of the two fets : neverthelefs, that feme idea may 
be formed of the caufe, of part at leaft, of the difference 
■that takes place between them, I have collected into one 
view, the computations of fuch as were made in extreme 
temperatures; namely, the coldeffc of thofe at Sun-riling 
(though the whole of that clafs were conlidered as ex- 
ceptions from the rule) ; the coldeft and hotted: of the 
ordinary obfervations ; alfo thofe on the Dole^, at Genoa, 
and at Turin, whereby the heights of the lake of Ge- 
neva and of Turin, above the fea at Genoa, were ob- 
tained. In the table it will be obferved, that there is a- 
column for the reduced temperature of the air, on ac- 
count of the expofition of the thermometer to the Sun’s 

(!) Having recomputed the whole of Mr, de luc’s obfervations on Saleve* 
and claffed them according to the months in which they were made, I intended*, 
•at one time, to have given a general table, comprehending the mean refults o£ 
all of them: however, this is now become unneceffary, fince a very refpe&ablc 
and ingenious member of this Society hath had opportunities of making many- 
curious and interefting obfervations on thofe very heights, which cannot fail of 
being perfectly fatisfa&ory ; and who, at my requeft, was fo obliging as to 
determine the height of the Dole geometrically. On this mountain Mr, BE Eire 
had made barometrical obfervations, whofe refults differing conflderably from 
the altitude, 4182 feet above the lake of Geneva, as taken by Mr. fatio be 
bui£&ibe, made me fufpeft there was an error. In fa& it appears, from the 
laft meafnrement, that the fummit of the Dole is 4293 feet above the furface of 
the lake, which- gives for the vertical diftance of. Mr. m luc’s barometer 
4210 feet® 


rays 



meafuring Heights with the BflYbttteier, 737 
rays : I apprehend that I have not exceeded, hut rather 
fallen fhort, in the reduction, to what would have been 
indicated by thermometers in the lliade, perfectly free 
from direct and reflected heat, and with fufficient time 
allowed between the obfervations. Be this as it may, it 
is of no importance, as no other conclufion is drawn 
from thefe obfervations, than that of fhewing what, in 
my appreheniion, might probably have been the cafe, if 
another mode had been adopted. 

From the table it appears, that when the temperature 
of the air is at 29°. 5, the logarithmic excefs is and 
at 7 5 0 . 5 reduced temperature, the defedt is The 

fum of the two equations being divided by the dif- . 
ference of temperature 46°, we have, as in the Britilli 
obfervations, nearly 2.3 for each degree, which is greater 
than that applied by Mr. de luc’s rule, in the proportion 
of 2 3 to a 1 . That too fmall an equation hath been made 
ufe of in thefe hotteft obfervations, fuppoling the origi- 
nal zero and temperature to remain, is fufficiently evi- 
dent: for xlls being divided by 42 0 the difference of 
temperature, we have, as before, 2.3 very nearly for the 
equation anfwering to each degree. 

Farther, if we confider the ratio of the weight of 
quickfilver to air, actually refulting from the obferva- 
tions themfelves, the fame kind of error (for I cannot fee 

5 B 2 & 
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it in any other light) ftill exifts. Thus, in the coldeft of 
the morning, as well as in the ordinary obfervations, when 
the temperature is at or near freezing, the mean ratio of 
the weight of quickfxlver to air, is about 10850 to 1. 
When the obferved and reduced temperatures are re- 
fpedtively 41 0 and 35% the ratio between them is that 
of 1 1-295 to 1, anfwering nearly to what hath been af~ 
figned to them when the heat is 69°.3a. Again, 
in the hotteft obfervations of the 14th and 15 th of 
July 1759, and 20th of July 1760, on the higheft, 
and confequently the beft ftations, when the obferved 
and reduced temperatures are refpe&ively 8 i °.7 and 
75°.6, quickfilver is to air as 12,650 to 1. Now if we 
reduce this number 1 2650 by a proportionable part, for 
the degrees of difference between Mr. de luc’s zerd 
6 9°. 3 2, and the obferved and reduced temperatures re* 
fpedively, we fhall have, in the firft cafe, 122.00; and 
in the laft, 12390 to 1, for the ratio of the. weight of 
quickfilver to air; either of which exceeds very confi* 
derably 1x2,32, which hath been aifigned to them. . 

With regard to the obfervations on the Dole, the de* 
fe& is anfwering to the obferved. temperature of, 
66°.6, and which is only reduced to 65°,2. On this 
great height, the ratio of the weight of quickfilver to' 
$ air 
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air^ is that of 1 2 5 9 5 to 1 . Mr. de la caille’s obfer- 
vations at the Cape of Good Hope, annexed to the table 
containing Mr. de lug’s, give a defeat of gi, when the 
temperature feems to have been about 5 8°, in which cafe 
quickfilver was 11687 times heavier than air. 

Now if, from the- aggregate of thefe.obfervations, the 
fame method be adopted* as was made ufe of in the Bri- 
tifti, for finding the zero of the fcale, we lhall have it as 
follows s 


By Mr* DE luc 9 s equation for the air and 
obferved temperature* 

Goldeft of the morn- *j ° ° ° 

ing obfervations* > 2^2 to 30.5 at 33.7 
from . — J 


Coldeft of the ordi- 1 A T . 

nary obfervations* J 4 *9 3 *7 

Hotteft of. the ordi-\ , « , „ , n 

nary obfervations* J 7 ““ 4*5 3 

On the Dole* » — 59*2 - 71*5 27.6 

Light houfe of Genoa* 75. : — 79. - 26. 

DE LA caille’s* — 58* - 30. 


Zero at 


32.03 


By the manometrical equation ■ 
and reduced temperature* 
000 

from 25.2 to 30.5 at 33.12 

26. - - 35. - 32.97 ' 

73*5 - 77 *- - 36.32 ' 4 

— 58. -70: - 32. 

75. - 79. - 33.40 

“ “ 58* - 33*35 

Zero at 33*52 


(m) It will -even *be found* though the calculations * are not inferted in the * 
fable* that the hotteft of Mr* de lug's morning obfervations* June 8th* 1758* at 
the 15th ftarion**, anfwering to the mean temperature of 57^5, and which I 
confider as die beft* hecaufe no reduction is neceftary for the expofition of the 
thermometer* agree with- the manometrical experiments* in requiring a greater 
equation tlian is wanted in extreme temperatures: for in this cafe* the * 

mean of two obfervations gives a defeft of for 25°*5 above freezing, which 1 

1000 - , 

is 2.57 for each degree j the ratio of the weight of quickfilver to air being that i 
of 1219^ to I.. 


From-i 
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From the mean of thefe obfervations, though the re- 
fults are irregular among themfelves, it appears fuffi- 
ciently evident, that if the morning obfervations on Sa- 
le-ve had been retained, inflead of being made exceptions 
from the rule, the zero of the fcale would have de~ 
feended about 8°; viz. from 69°. 3 to 61 ”.4 of Fahren- 
heit, fuppofing always the equation a.i for each degree 
of temperature, and the French toife, as the ftandard 
meafure, to have been adhered to : for the French toife 
bears to the Englifh fathom, the proportion of 106575 
to 100000; wherefore rt f j y y =--~ = 29°.4+3a°= 69°.4, 
denotes the relative portions of the two zeros, the inter- 
mediate equation being to be fubtra&ed, when the 
toife is made ufe of. But it hath been fhewn, that the 
mean expanfion of air is really greater, for fuch tempe- 
ratures at leaft as the barometer can be applied in, than 
what Mr. pe puc fuppofed it, in the proportion of 245 to 
210; whence it follows, that^|=:25 0 .i8 + 32 0 =57 0 .i8, 
will denote the relative portions of the two zeros ; which, 
inflead of almoft 30% are only diftant from each other a 
little more than 35 0 , 

From what hath been faid it is eafy to fee, that in cal- 
culating heights according to Mr. be luc’s rule, when 
temperature of the air is below his zero, which we 

may 
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may take at 40°, the Englifh meafure being ufed, the- 
common error in the refult will be equal to the fum of 
the two equations, 2.1 + 2.45=4.55 for each degree; 
which amounts to ^ parts for the 8° that the zero is too 
high. Above 40 °, the former error will be augmented 

by the difference of the equations for each degree that 
the temperature is above his zero, viz. 2.45-2.1=^?. 
In either cafe it is to be obferved, that the progreffive - 
rate of equation for the heat of the quickfilVer is not 
here taken into the account ; becaufe it will not produce 
any material difference, unlefs one barometer is much 
hotter than the other, at the fame time that their verti- 
cal diftance is very great. Thus the 3 2d degree of Fah- 
renheit, or freezing temperature, which is fundamen- 
tal in all thermometers, happens, fomewhat remarkably, 
to be the zero of the fcale, when the Englifh fathom 
bears fueh proportion to the modulus of the common lo- 
garithms, as that their difference, in computing heights 
by the barometer, brings out the refult in fathoms. No 
other proportion of a meafure will do it : for if we fup- 
pofe twenty-four of different lengths, between ours 
and the French toife, each furpafling the other by 
of that toife, the zero of the fcale, in computing heights 
by thefe meafures refpeitively, will afcend a fingle de*- 

31 & ree 
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gree on each; and the French toife being the 25th, will 
have its zero nearly at the 57th degree: about which 
temperature the expanfion of air appears, from the ex- 
periments, to be at its maximum. From that point, 
therefore, the equation will diminifh both ways, though 
by a quicker progreffion for condenfation, than it doth 
for dilatation. 

Having thus compared, in a general way, the refults 
of the Britifh obfervations with thofe of Mr. de lug, 
pointed out what feem to be the chief caufes of the con- 
ftant defedt found in his rule, and thereby obtained, it is 
hoped, fome corrections tending to improve the theory 
of the barometer, when applied to the meafurement of 
heights in middle latitudes ; it remains to fhew the prin- 
ciples, whereon the table for the equation of the air hath 
been conftrudted. Previoully however to this, it may be 
proper to compare, with as much brevity as poflible, 
thefe obfervations, with others that have been made to- 
wards the Pole and at the Equator: from which it will 
appear probable, that the rule which anfwers in middle 
latitudes, will not in the frigid and torrid zones. 

In .177 3, Captain phipps, now Lord mulgrave, com- 
manding two of his Majefty’s drips then fent on difcove- 
ries towards the North Pole, meafured geometrically, with 
great care, the height of a mountain in Hakluyt’s Ifland 


near 
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near Spitzbergen, and found it to be 1503 feet above 
the level of the fea. On the morning of the 1 8th of An- 
guft, the following obfervations, at the fea-fhore and top 
of the mountain, were made with a Angle barometer, 
wherein the quickfilver had not been boiled. 


At 6 h* A.M. Barometer at the fhore, ■ — 

7 h. 4.5' A.M. Ditto at the top of the mountain, 

8 h. 45' A.M. Ditto at the top of ditto, - 

11 fa. 45' A.M. Ditto at the fea-fhore, — 


30.040 therm. 50® 

28.266 42 

28.238 42 

30032 44 


Whence we have the following computations, equated 
for the times correfponding to the two obfervations at 
the top. 


7 h.45' r 30.038 46 0 — 046=29.992 
A.M. 128.266 42 — 031=28.235 



I +70. 

I =44.5 



8 h. 45' r 30.036 
A.M. 1 28.258 


45 0 — 043=29.993 
42 — 031 =28.227 




Mean 1577.1=4-47 

1000 


*23 


1 ^ 

o 

*3i ’ 

& 


CT 

04 

o 


From thefe obfervations it appears that, inftead of the 
ufuai equation to be added to the logarithmic re- 
fult, in order to obtain the true height in Britain, when 
the temperature is 42 0 , there is an excels of : and, 
inftead of the ufuai ratio of the weight of quickfilver to 
columns of air, of equal altitude and temperature in 
Britain, namely about 11200, we have that of 102:24 
to 1. 

VOL. LXVII. s Cl 


Thus 
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Thus air at Spitzbergen feems to be fpecifically hea-, 
yieiy than that affedted with the fame heat and preffure 
in the middle latitudes : whence it follows that, inftead 
of 3 which is found to be the zero of the fcale about 
the middle of the temperate zone, we fhall have = 
X9°.2+42°= 6i°.a for the zero at Spitzbergen, within 
io° of the North Pole.. 

It is much to be regretted, that the French academi- 
cians, .when employed in meafuring the degrees of , the 
meridian in Peru, were notfupplied with better barome- 
ters, and that they made not obfervations at correspond- 
ing times; iihce the fcene of their operations was un- 
doubtedly preferable to any other on the furface of the 
globe, .for determining many curious points with refpedt 
to the modifications of the atmofphere in the torrid^ 
zone : neverthelefs, by attending diligently to what Mr, . 
bouguer (n} hath told us, of the. fteadinefs of. the baro- 
meter. 

(n) He fays, that at the South Sea, Reaumur’s thermometer, iirthe morn- - 
ing before Sun-riling, flood at 19 0 , 20% or 21 0 ; and in the afternoon at 26% 
27% or 28°. Therefpeftive means correlpond to 76°f and 92°^ of Fahren- 
heit, and make the mean heat of the day 8'4°|, At Quito the temperature 
continued at i4°or 35 0 , anfwering to 65T of Fahrenheit. At the fummits 
of Caramon and Pichincha, the thermometer flood in the morning feveral 
degrees below freezing, and varied if in the heat of tie afternoon; whence' 
the mean temperature at thefe highefl ftations, would probably be about 43°! of 
FAHRENHEIT. He farther fays, that in the torrid zone, whatever may be the 

mean 
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meter throughout the year; the uniformity of the mean 
temperature in every affigned ftation ; and his mode of 
computing, by means of the tables of common loga- 
rithms, the altitudes of the Cordiilero mountains above 
the valley that extends itfelf between them ; it will be 
no difficult matter to difcover, nearly at leaft, what fort 
of equation became neceJTary ; and what were the rela- 
tive weights of quickfilver and air of the mean tempe- 
rature, not only in that high region of the atmofphere, 
but alfo at the level of the fea. 

Thus, by infpedfing the table of computations, it will 
appear, that columns of air, whofe bafes were removed 
fix or eight thoufand feet from the level of the fea, and 
whofe heights equalled that diftance, when the tempera- 
ture was 55 0 of Fahrenheit, as determined from the 
mean between the coldeft of the morning and hotteft of 
the afternoon, the mean logarithmic defedfc was only : 
whereas, in meafuring heights near the level of the fea, 
in middle latitudes, the common equation for that tem- 
perature is about yf!^. The mean ratio of the weight of 
quickfilver to air, on thefe long columns comprehended 
refpedtively between Carabourou and Quito, and the 

mean heat in any afligned Ration, it continues uniformly the fame throughout 
the year. In this rough eflimation of the temperature in Petu, it teemed unne- 
crifary td examine, whether the true thermometer of reaumcr. was ufsd or;not; 
ss it could produce no material difference, except at the yery hotteft flattens. 

5 C a ' fummits 
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fummits of Pichincha and Goracon, is that of 16793 
to 1 . On the altitude of 1534 feet, intercepted between 
Carabourou and Quito, which fliort lection of the co- 
lumn is about half-way between the level of the fea, and 
the fummits of the Cordiileros, the mean temperature 
being 66°, the ratio is that of 15089 to 1: hence it 
feems probable, that quicklilver would have to the dif- 
ferent fections of the general column of air, compre- 
hended between the fea and the top of Coraqon, nearly 
the following ratios : 



T emp. 


At the level of the South Sea, 

84! 

1 3 100 to 1 

Half-way from thence to Carabourou, 754 

14100 

At Carabourou, — — 

66| 

15100 

Half-way from thence to Coraqon, 

55 

16100 

At the fummit of Coracon, — 

43 r 

17100 

Whereof the mean is, — 

65 

15100 


Mr. BGUGUiR tells us, that the barometer in the tor- 
rid zone varies not at the fea-fhore above two and a half, 
or at moft three lines throughout the whole year. At 
Popayan, its variation is only a line and a half; and at 
Quitb a fingle line. Now let us fiqpofe, that an altitude 
had been meafured with the barometer at the level of 

the 
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the South-fea, where the defcent of qnickfilver at the 
upper ftation was exactly an .inch in the mean heat of 
the day, anfwering to 84°^. On the former fuppofition 
of the weight of quickfilver to air, the height would be 
13100 inches or 1091.7 feet. 

_ _ r 29*930 844-169=29.7611 „ . - 

Hence <! ^ 0 , q ^ = 890.6 feet, 

^28.930 844-169 = 28.761 j y J 

the logarithmic refult, which is defective 201.1, or 

nearly parts. Now this equation being divided by 

2.45 the mean expanfion of air, we have nearly 92 0 

for the difference between 84°4, the temperature of the 

obfervation, and the zero of the fcale, which reduces it 

to -7^4 of Fahrenheit. If it fliould be thought that I 

have fuppofed the air to be too light at the level of the 

fea under the equator, let it be taken to qnickfilver only, 

at a. mean between 13100 and 1267 2,. which feems to 

have been the ratio of their weights at Genoa, when Mix 

de luc’s temperature was 7 9 0 , and we fin all have 

12881 inches, or 1073.4 feet of air, for the counter- 

poife to the livh of quickfilver in the barometer: hence 

1073.4-890.6=^=^=83°. 7, wifi denote the number. 

of degrees ’■hat the zero of the fade ‘.vcu’djn that cafe, be 

below the temperature of the aiy l . w • . gs it to within 

lefs than a degree of the cy 1 ■ t nhflT. but in 

middle latitudes the zero . . . 1 0 ■ 'x rod tlie 


ac; eat ion 


4 
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• equation, applicable at the level of the fea for the heat of 
S 4 *~, : is at moft only hiftead of Jg-. 

Mr. bouguer found, that the rule which his expe- 
rience had furnifhed him with, for computing heights 
with the barometer between the ranges of the Cordil- 
leros, namely, that of deducting £th part from the 
-number of toifes expreffed by the logarithmic dif- 
ferences, which agrees nearly with the equation ^ which 
,1 have made ufe of in the table of computations, would not 
anfwer when he came to apply it at the level of the fea. 
He tells us, indeed, that the elafticities of the air, above 
and below, are there, as well as in Europe, exadtly pro- 
portionable to its condenfations; and even, that the in- 
tenfity of the elaftic force, or fpring of the air, is every 
where equal in all places of the torrid zone that are con- 
siderably elevated. The real condenfations in each place 
.are proportionable to the weights of the fuperior columns 
caufing the compreflion; thefe condenfations being in 
geometrical, the heights are in arithmetical progreffion. 
But below the fame law doth not take place; becaufe the 
intenfity of the elaftic force is really confiderably lefs at 
the level of the fea, than it is at one or two hundred 
toife^ above it, notwithftanding the effedt of the heat, 
wdiich fhould render it greater. It is to be obferved, that 
.Mr. BouGUERhafh not given us the obfervations whereon 

he 
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he founded this laft deduction ; and his note on the text, . 
which I apprehend, neverthelefs, conveys his true mean- 
ing, is contradictory to it: for there he fays, that the di- 
latation occafioned by the heat throughout the day, 
changed the diftribution of the weight with regard to 
all the places lituated within the Cordilleros, as well as • 
011 other mountains, and made the lower feCtions of the 
columns contain lefs and the upper feCtions more air,.., 
than they Ihould have done, had it been a perfectly, 
elaftic fluid... 

Having now mentioned all the barometrical obferva- - 
lions that have come to my knowledge, tending any way 
to throw light on this very intricate fubjeCt, it remains to . 
fum up, from the whole, the general principles whereon. 

1 have , proceeded in conftraCting the table of equation 
for the heat of the air. 

It will be remembered, that I have more than once re- ■ 
marked, that in the Britifh obfervations, when the tem- 
perature was the defeCt was the lowermoit 

barometer ftanding at or near the level of the fea; but 
in the obfervations on Tinto, a conliderable hill apper- • 
taining to the third clafs, whofe bafe is elevated 70 0 feet 
above the level of the Clyde at Glafgow, when the, tern-- 
perature was 52% 1 found the equation to belittle more , 
than Again, thefe two facts being compared with * 
a the 
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the aggregate refult of Mr. de luc’s obfervations, where 
the lowermoft barometer flood about 1300 feet above 
the fea, the equation for the fame temperature feemed 
not to exceed T ^. Laftiy, thefe circumftances Iftnig 
confronted with the refults of Mr. bouguer’s obferva- 
tions, where the lowermoft barometer flood from 6000 
to 8000 feet above the fea, the mean equation for 5 5 9 
was only j^, which gives -|~ for the heat of 5 2 0 . Now 
thefe Peruvian obfervations, which i believe to be ex- 
ceedingly good from the fteadinefs of the barometer in 
that part of the world, being fubftituted in lieu of thofe 
not yet obtained in our own quarter of the globe, there 
feemed to me to be a neceflity for concluding, that the 
equation for middle latitudes, with any aftigned tempe- 
rature above or b£low the zero of the fcale, diminilhed 
as the height of the place above the fea increafed; which 
confequently implied, that the magnitude of the loga- 
rithmic terms increafed f after than the dilatations of the 
air. But when the comparifon -was carried yet farther, and 
the obfervations in Peru and at Spitzbergen were fairly 
brought into one view, there appeared to be fufficient 
grounds for fufpedting, if not abfolutely for concluding, 
that there could be no fixed zero for the fcale depending 
on the temperature of the air; but that it would change 
with the denfity of the atmofphere appertaining to the 

latitudes, 
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latitudes, climates, or zones of the earth, where the ob- 
fervations were made. On this fuppofition it was natural 
for the mind to form to itfelf fome general hypothecs, 
which might ferve to account for the appearances ; and 
the firft that prefented itfelf was the following : that the 
atmofphere furrounding our globe might poflibly be 
compofed of particles, whofe fpecific gravities were 
really different; that the lighted; were placed at the 
equator; and that the denfity of the others gradually in- 
creafed from thence towards the poles, where the liea- 
vieft of all had their pofition 

It is a well known and eftablifhed fad:, that in the 
middle latitudes, a North or North- eaft wind conftantly 
raifes the barometer, and generally higher as its con- 
tinuance is longer. The contrary happens when a South 
or South- weft wind blows ; for I believe it is commonly 
lowed: when the duration and ftrengthof the wind from 


( 0 ) It was fuggefted by Dr. george fqrdyce, that equatorial and Green- 
land air might be brought bottled up* and weighed in this country in air of the 
refpe&ive temperatures, by means of a curious balance whereof he is poflefled, 
in order to fee whether any difference could be difeovered in their fpecific 
gravities, A thought of the fame kind, but more ealily put to experiment, 
occurred to Lieutenant glenxe, of the Royal Artillery, namely, that of 
weighing equatorial and polar fea-water. To this gentleman I am obliged for 
his afliftance in part of the manometrical experiments, as well as in feverai of 
the computations, , t / ' 

Vo L. LX VII. 5 D that 
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that quarter have been the greateft. Thus the 
North-ekft wind, by blowing for any length of time, 
brings into the middle latitudes a mafs of air heavier 
than that which naturally appertains to the region, and 
raifes the barometer above its mean height. The con- 
tinuance of a South-wefter carries off the heavy air, de- 
polits a much lighter body in its ftead, and never fails 
to link the barometer below its mean height: hence, 
in the middle parts of Europe, there is a difference of 
about two inches and a quarter between the higheft and 
loweft ftates of the barometer. But fuppoling it to be only 
two inches, the difference of preffure ffill amounts to 
^th part of the whole weight of the atmofphere.. Now 
it is evident from the Peruvian obfervations, that the 
greateft fluctuation of the barometer, which is at the 
level of the fea, doth, not exceed 0.226 of. an inch, or 
~d part of the whole preffure ; and if the change fhould 
be no greater at the poles,, which I think not impro- 
bable, it follows, that the meafurement of heights by 
means of the barometer,, in middle latitudes, will be 
more precarious and uncertain than in the torrid and 
frigid zones. 

Stichin general were the firft ideas which the compa- 
nion of the operations of the barometer with the effects 

of 



meafuring Heights with the Barometer. 7 S3 
of the North-eaft and South-weft wind on that inftru*- 
ment, fuggefted with regard to the different denfities of 
the atmofphere in the different zones of the earth. 

But lince the experiments on the expansion of moift 
air have fhewn its elafticity to be fo much greater than 
that which is dry, I apprehend, that the Ample principle 
of heat and moifture may fuftice to account for all the 
phenomena. Thus it is univerfally admitted, that there 
is a greater degree of humidity and heat in the air, near 
the earth’s furface, than there is in the higher regions of 
the atmofphere. The elafticity or expanfion of the 
lowermoft fedtion (i) of every column of air, whether 

long 

(p) I have been well informed, that in China the North- weft wind raifes 
the barometer moft, and is highly eleftrical; it is at the fame time the drieft 
and the coldeft; and at Canton, under the Northern tropic, there is frequently 
ice. On the Eaft-coafts of North America the fe verity of the North-weft 
wind is univerfally remarked; and there can fcarcely be a doubt, that the inha- 
bitants of California, and other parts on the Weft-fide of that great Conti- 
nent, will, like thole on the Weft of Europe, feel the ftrong effefts of a North- 
eaft wind. The extraordinary drynefs and clenfity of the wind from the N&rfch 
pole, feems therefore to be occafioned by its palling over the Continent of 
Europe and Alia on one fide, and that of North America on the other. Tbofe 
who live on the Eaft and Weft-coafts of South America, will find, the drieft 
and coldeft winds come to them refpeftively from the South- weft and South- 
eaft. As the winds ieem to be colder, drier, and denfer, in proportion to the 
extent of land they pals over from the poles towards the equator, fo they appear 
to be more ratdft, warni, and light, in proportion to the extent of Ocean they 
pais over from the equator towards the poles. Hence the humidity, warmth, 
and lightnels, of the Atlantic wind t6 the inhabitants of Europe, • f - 

(q) Mr. de luc feems to have fufpe&ed feme thing of this kind towards the 

5 D % ' end 
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long or fhort, will confequently be greater than the up- 
permoft fedtion of it; for the heat, by diffolving the 
moifture, produces a vapour lighter than air, which mix- 
ing with its particles, removes them farther from each 
other, increafes the elafticity of the general mafs, and 
diminifhes its fpecific gravity comparatively more than 
it doth that of the fedtion immediately above it, where 
there is lefs heat and lefs moifture. Hence I infer, that 
the equation for the air, in any afligned vertical, will 
gradually diminifh as the elevation of the place above 
the fea increafes, and that it will vanifh at the top of the 
atmofphere. This is in fome refpedt confirmed by the 
experiments on the expanfion of rare air; for from them 
it appears, when the particles are very far removed 
from each other, by a great diminution of prellure, as is 
undoubtedly the cafe in the higher regions of the atmo- 
fphere, they lofe a great part of their elaftic force. Thus 
the equation, anfwering to any particular temperature, 
above or below the zero of the fcale, at different heights 
above the furface, will, I apprehend, be expreffed by the 
ordinates to a curve of the hyperbolic order, whofe cur- 

' : mi his 8 th chap, fur ks difficult is d vainer e: and in that which follows, he 
gives proofs of the lightnefs of vapours with regard to air, faying, that they 
point out file to be their vehicle* He afterwards quotes newton with refpeft 
to the lightnefs qF a humid atcpp%here compared with one that is dry. 


$ 


mature 
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vature may be fuppofed to change faft near the fur face 
of the earth, and differ infenfibly from a ftraight line at 
great heights above it. 

With regard to the latitudinal equation, the fame 
principle of heat and moifture feems to make it proba- 
ble, that fuch will become neceffary in operating with, 
the barometer ; for it is well known, that there is a great 
degree of humidity in the air between the tropics j and, 
on the contrary, that the polar atmofpheres are very dry. 
The heat and moifture being greateft at the equator, there 
the elafticity or equation will likewife be the greateft at 
the level of the fea; and the zero of the fcale will neceffa- 
rily defcend to a lower point of the thermometer, than 
that to which it correfponds in middle latitudes. As the 
elafticity of the air at the level of the fea, or equal 
heights above it, with the fame degree of heat, will al- 
ways be proportionable to the quantity of moifture dif- 
folved in it,, therefore it will gradually diminifh from the- 
equator towards the poles ; that is to fay, the zero of the 
fcale will afcend in the thermometer, coincide with the 
gad degree in the middle latitudes, and, in its motion 
upwards, will give the equation to be applied with the 
contrary fign in high latitudes. Hence I infer, that every 
latitude, climate, or zone, will not only have its particu- 
lar zero, but alfo its particular curve, whofe ordinates 

wilH 
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will always meafure the equations applicable in the re- 
ipedtive lituations. The equatorial curve will probably 
change the fafteft, and the others become gradually flat- 
ter, as they approach towards the poles, where the 
greater, but more uniform, denfity of the atmofphere 
■may occaflon it to differ little from a ftraight line. I ap- 
prehend, however, that even at the pole fome fmall di- 
minution might be found to take place in the equation, 
was it poflible, in that region, to prove it by experiments 
at a fufficient .height above the level of the fea. 

The table of the equation, depending on the heat of 
the air, annexed to this paper, is conftrudted for middle 
latitudes. It extends to temperatures from 1 2° to 9 2° of 
Fahrenheit; and for lituations fo greatly elevated 
above the fea, as to make the mean barometer between 
the.. two ftations ftand no higher than 1 9 inches. As the 
equation correfponding to the lower parts of the atmo- 
Iphere, contained in the right-hand columns, will come 
more frequently into ufe than that appertaining to the 
higher regions, comprehended in thole on the left; 
therefore, in the firft, it is given for every half ; and in 
‘The laft only, for every whole inch of defeent of quick- 
filver in tire tube. 

The equation found in the column of 29 inches, cor- 
refponds exactly with the expansion of air refulting from 
1 the 
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the manometrical experiments ; and the ratio of diminu- 
tion, in the temperature of 5 2 0 , hath been taken from 
the Peruvian obfervations, fuppofing it to decreafe uni- 
formly ysoo 011 ea ch inch, or 011 the eight inches be- 
tween 29 and 21. For the fake of fimplicity, as well as 
from the want of fufficient data for afcertaining the 
lengths of the ordinates of the curve,, the arithmetical* 
hath been preferred to any progrefllve diminution that 
might have been adopted, though by this mode the re- 
fults would have agreed better with fome of my own, as 
well as Mr. de Luc’s obfervations. In each of the co- 
lumns the equations for particular temperatures, com- 
pared with that for 1 2 0 or 9 2 0 , are reciprocally propor- 
tionable, fo that the maximum of the rate always cor- 
refponds to the fpace between 5 2 0 and 7 2°, as indicated 
by the manometer. It will be obferved, that though the 
equation in the table is only given for every iq° of dif- 
ference of temperature,, yet, by the intermediate rates for 
lingle degrees in. the. columns refpectively, and the ratio* 
of diminution for the height of the mean barometer 
above the fea, expreffed in that towards the right-hand,^ 

the equation for. any particular temperature may be rea- 

% 

dily obtained. The application, of this table makes the - 
third part of the rule, for meafuring- heights -with, the 
barometer. When the mean temperature. of the column, 

ok 
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of air is above 32 0 of Fahrenheit’s thermometer in. the 
ihacle, add the equation correfponding to the tempera- 
ture and height of quickfilver in the mean barometer to 
the logarithmic altitude; when below 32 °, fabtracl the 
equation from the logarithmic altitude ; the fum in the 
flrft cafe, and difference in the laft, gives the real height. 

Befides the table of equation for the air, adapted to the 
jneafurement of the greateft acceflible heights the baro- 
meter can poflibly be applied to in middle latitudes, I 
have annexed, for the life of thofe who may prefer iim- 
plicity, and hill doubt of the vertical diminution, a ther- 
mometrical fcale of the equation, fuited to Englifh and 
French meafures, with their refpective thermometers. It 
will readily be conceived, that the divilions, exprefling 
the 1 oooth parts in this fcale fr) , are unequal, flnee they 
follow the inverfe ratio of the thermometrical compared 
with the manometrieal degrees. Where thefe laft are 
.the greateft, as between 5 a 0 and 7 2°, the divilions ex- 
prefling the equation are the fmalleft, becaufe a greater 

(r) Any fcale of this kind, unlefs it had been mechanically divided by a 
mathematical inftruraent-maker, could not be rendered very exadt ; a,nd'.itmay 
tbe expedted, that the imperfedtions in the original will be augmented in copy- 
ing, by the engraver, notwithftanding the utmoft care on his part; wherefore, 
pn tbs left-hand lide of the plate, I have annexed the number of degrees and 
decimal parts of Fahrenheit, below the temperature of 9i°,88, correfponding 
-to every fa&jth parts of the equation, by which means the unequal fcale may, 
»t any time, be divided with {Efficient accuracy. 
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number of them correfpond to the fame thermometrical 
fpace. When the height is required in fathoms, the 
zero of Fahrenheit correfponds to -71.72, and the 
boiling point to +412.49: the fum of the two equa- 
tions 484. 2 1 is the adtual expanlion of common air from 
the heat of 212 0 *. When the French toife is made life 
of as the meafure, the zero of the fcale hath been Ihewn 
to coincide with 57 °.i 8 of Fahrenheit, or + 1 1°£ of 
reaumur. The negative equation i34°.72 anfwering 
to -14°^ of reaumur, and the pofitive 349°*49 cor- 
refponding to +8o°, or the boiling point, being added 
together, make again 484.21. 

In order to convey a more diftinct idea of the effect 
which heat produces in the dilatation of different kinds 
of air, compared with quicklilver, along with the fcale 
for the equation I have placed another, expreffing the 
actual and relative expanlions, refulting from the mean 
of the experiments, for every 20° of difference of tem- 
perature. This fcale is intended to give a comparative 
view of the manometrical with the thermometrical 
ipaces, mentioned in the fecond fedtion. 

I lhall now clofe this paper, which hath already 
greatly exceeded the limits I wilhed to have been able to 
prefcribe^toitjwith a few remarks on the error of the rule, 
perceivable in the tables of computation, and the ptfea- 

Vol. LXVIL S E hires 
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furcs that fhould, in my opinion, be taken to bring the 
theory of the barometer to a frill greater degree of per- 
fection, fuch as I believe it to be really capable of. 

By infpedtion of the tables containing the computa- 
tions of the Britilh obfervations, it will be feen, that the 
error df the rule is in general very fmall. In the Lon- 
don clafs it is greateft on Shooter’s-hill, making the 
height five feet too little. In thofe at Taybridge, one of 
the obfervations on Schihallien gives a defective refult of 
29! feet; but this is eafily accounted for, as it certainly 
arofe from the fliort time given to the barometer to lofe 
the heat it had acquired in carrying upwards, thofe 
deftined to obferve at the fummit arriving there too late, 
that is to fay, towards the expiration of the whole hour 
which the inferior barometer had been obferved in. One 
of the obfervations on Carmichael-hill, though a fmall 
height, is defective eight feet, which I afcribe to the 
South-weft wind and humidity of the air. From the 
fame caufe I would account for the uniform defect in 
the firft part of the Edinburgh obfervations : in the laft 
part of thefe, the circumftances having changed, the er- 
ror hath the contrary fign. In the Linhoufe clafs of ob- 
feihrations, the fame caufe of defedt appears on the ift 
of December, 1775, and on the 20th of November, 
and 1 7th of December, 1776. The only refult which I 

confider 
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confider as very irregular, and do not pretend to account 
for, is that for the height of Moel Eilio, a hill lituated 
between Carnarvon and Snowdon: the real altitude 
a 37 1 feet, is exceeded by the barometrical refult 2 1 feet, 
though the circumftances were fuch as, in other cafes, 
generally make it fall fhort. 

At the bottom of the tables of computations I have 
occafionally fubftituted Mr. de luc’s equation for the 
air, in calculating one or more of the greateft heights, 
that the difference between the two methods might be- 
come more obvious. Thus the firft obfervation on Schi- 
hallien is defedtive 67^ feet ; the mean of thofe on Tinto 
29 feet; Moel Eilio 41 feet; and Snowdon 81 feet. 

With refpedt to the refults that the rule produces on 
Mr. de luc’s heights it will be obferved, that it anfwers 
very well in the cold obfervations, which, with, his rule, 
were often defective 60 or 70 feet; but gives too much 
in thofe that are hot. If, however, the whole of thefe 
hot obfervations had been included, the apparent error 
would have been lefs ; for the mean defedt was taken at 
hh for the hotteft temperature, whereas it foraetimes 
amounts to On the height of the Dole the rule errs 
in defedt; and on the mean of Mr. de la caille’s ob- 
fervations, at the Cape of Good Hope, it exceeds the* 
truth. By fubffcituting Mr. de luc’s equation for thq<a|iv 

S E a ' 1 ' ' ' . ^ 
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in the computations of the Dole and Table-hill, the re- 

fpedtive refults are defective 96 and 62.6 feet. 

To the Britifh obfervations a table is annexed, con- 
taining the barometrical computations of altitudes not yet 
determined geometrically. In the chief part of thefe the 
inferior barometer flood at Belmont-caftle, the feat of the 
lord privy Teal for Scotland, by whofe directions the cor- 
refponding obfervations were made. This table likewife 
comprehends Mr. banks’s obfervations in 1772, for the 
height of the South-pap of Jura, above Freeport in the 
iiland of Ifla, and thofe he made the fame year, to ob- 
tain the height of Mount Hecla, above Hafniford in 
Iceland. 

Laftly, it is to be obferved, that in the application of 
the- table, the equation found in the columns 29J, 30, 
and 30J, will never come into ufe, except in the mea- 
furement of fhort columns of air, whofe bafes hand at, 
or not much above, the level of the fea A; . In an ifland, 

whole 

( s ) Having been accuftonied, from the beginning, to call the Ration of the 
inferior barometer the place of obfervanon, and to fuppofe the mean height of 
its quicksilver to denote the elevation of the place above the fea, for the fake 
of fimplicity I adapted the formula to the height of quickfilver in that baro- 
meter, and made all the computations in the tables accordingly. But it having 
"been fuggefted to me,, firft by Sir george shuckburgh, and afterwards by 
Mr. de luc, that this mode, though the eafieft, was not ftrifMy accurate, nor 
eoufiftent with the principles, whereon a vertical' diminution of the equation for 
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wliofe climate is fo very variable as that of Britain, fet- 
tled weather fhould be chofen as the bed time for obfer- 
vadons. With any hidden fall of the barometer, in any 
affigned ftation below its mean height, it is apprehended 
that the rule will have a tendency to give defective re- 
fults ; and the contrary fhould happen when, from the 
increafed weight of the atmofphere, it riles much above 
the mean height. 

From what hath been faid in the courfe of this paper, 
it will be perceived, that though the error of the rule is 
in general very fmallpyet now and then fuch irregulari- 
ties do occur as plainly fhew, that fomething hill remains 
to be done, in order to perfect the theory of the baro- 
meter. 

The exigence, or otherwife, of a latitudinal equation 
being a point of the greateft confequence, Ihould be de- 
termined with fa much care as to leave no doubt remain- 
ing on that head. And as this can only be effected by- 
differences that are extremely obvious, the obfervations 
for that purpofe fhould be made at the equator, and as 
near as poflible to the poles'^, Peru is no doubt the bell 

* fituation 

the beat of tbe air was founded, I have fince changed' it to the mean barometer, 
or middle of the column of air intercepted between the two Nations. In this* 
way all the great heights have been re-computeci : the (mailer altitudes, .not 
being fenfibly affefted by the alteration, continue as at firft. , 

(t) Some idea may be formed what altitudes on the furface of the globe are 

! acceffible- 
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filiation on the globe for concluflve equatorial obferva- 
tions ; but as it would be found very difficult to carry any 
fcheme of that kind into execution, fuch as may be more 
eafily obtained in our Weft India iflands, which have the 
higheft mountains, would be very fatisfadtory with re- 
fpe£t to the expanfion and weight of moift air, at dif- 
ferent heights above the furface. At the tops of the 
mountains in the torrid zone, the obfervations would 
always be fufficiently cold ; but it would be of ufe like- 
wife, to have the coldeft poffible at the level of the fea, 
under or near one of the tropics, when the Sun was in 
the other. 

With regard to obfervations in the frigid zones, Spitz- 
bergen feems to be as proper a fituation as any ; though 
others may no doubt be found in the Northern parts of 
the Ruffian empire: and it is prefumed, that the Pe- 
terlburg academy would diredt the experiments to be 
made. 

acceffible to man, by considering the height above the fea of the inferior line 
of perpetual fnow, In the middle of the torrid zone it appears, from Mr, 
bouguer’s obfervations, to be elevated 5201 yards, and 4476 about the tro- 
pics, In middle latitudes there is everlafting fnow on the mountains at the 
height of 3300 yard#£ In the latitude of 8o° North, Lord mulgrave found 
the inferior line of fnow to be only about 400 yards above the fea: whence we 
may conclude, that the furface of tire earth, at the pole itfelf, is for ever 
covered -with fnow. 
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The Peak of Teneriffe, ./Etna, the mountains of Au- 
vergne and Roufiillon, as well as Hecla in Iceland, arc all 
very proper for obfervations in intermediate latitudes. 

Within the ifland of Great Britain, Ben Nevis leems 
to be the bell mountain for barometrical obfervations, 
becaufe of its great height, its vicinity to the fea, and 
that there is very good ground clofe to its foot (which is 
rarely the cafe in the Highlands) for the meafuremenfc 
of the bafe that would be made ufe of in the geometrical 
operations. 

One of the chief caufes of error in barometrical com- 
putations, I apprehend, proceeds from the mode (though 
limplicity is in its favour) of eftimating the temperature 
of the column of air from that of its extremities, which 
muft be faulty f “ J in proportion as the height and dif- 
ference of temperature are great. Where very accurate 
conclulions are expected, iimultaneous obfervations, at 
different times of the day, and different feafons of the 
year, fhould be made with feveral barometers, placed at 
different heights, each accompanied with a thermometer 
and manometer. By this method, the progreflion of 
temperature, as well as the law of diminution of the 
equation, from the position of the inferior barometer 
above the fea (if fuch diminution doth really take place) 

(it:) This- is taken notice of by Mr. be lbc. , ■ 

would 
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would be obtained with certainty. Suppofing, for in- 
ffance, Ben Nevis was divided into four fedtions, five ba- 
rometers, with as many obfervers, would be neceffary. 
This number may feem great, but the expence of peo- 
ple employed in that way would be inconfiderable. And 
if it fhould be judged proper, there coukl not furely be 
any great difficulty in providing reafonable accommoda- 
tion for an obferver, who fhould live a whole year at the 
top of the mountain, while another made correfponding 
•obfervations below. 

But the perfecting of the theory of the barometer is not 
the only advantage that would accrue from a combina- 
tion of thefe obfervations ; for, while they were carry- 
ing on in.different climates, or zones of the earth, good 
opportunities would offer of determining the refradtions, 
as well as the force of gravity and figure of the globe, 
from the vibrations of the pendulum. 

The mean expanfion of common air is already found 
to be greater than what was formerly fuppofed; where-; 
fore the mean refraddon will be altered proportionably. 
And fince the expanfion of moift air is found to be fo 
much greater than that of common air, a larger field for 
Inquiry. and inveftigation is now laid open. 

With refpedt to the experiments with the pendulum, 
Mr. eouguer feems to have been the only perfon, fo far 


as 
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as I know, who hath taken the denfity of the medium 
in which it performed its vibrations into the account, and 
given us its length at the equator in vacuo. But if we 
.are to judge of the denfity of the air in the frigid zone 
from the barometrical obfervations at Spitzbergen, the 
pendulum there mull have loft fo much of its weight, as 
to have leffened confiderably the number of vibrations 
below what they would have been in vacuo, in the fame 
temperature. Having confidered the effect that this 
would produce, I collected the belt experiments that 
have hitherto been made with the pendulum into one 
view, and having applied the equation that the- denfity 
of the air, in which they feverally vibrated, feemed to 
require; I found from computation, that the ratio of the 
diameters of the earth is (as Mr. bouguer fuppofed it) 
nearly that of 178 to 179, inftead of 229 to 230, as 
eftimatedby Sir Isaac newton, and which agrees very 
nearly with the mean refult from the meafurement of 
the degrees of the meridian. The experiments with the 
pendulum are fo fimple and eafy, may be repeated fo 
often in all fituations, and are fo much more confident 
with each other, than the meafured lengths of degrees 
of latitude, that it appears to be incomparably the beft 
method for determining the figure of the earth. And if , 
it Ihonld really be found fo flat a fpherOid as the peiidu- 
Tol. LXVII. ' 5 F ' ’ y’^diim 
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him feems to make it, both parallaxes and refractions, 

'will require correction. 

Upon the whole, though I wifhed to be concife in the 
recital of the experiments and obfervations contained in 
this paper, yet I found it neceffary at the fame time to be 
explicit. Some of them were either entirely new, or ma- 
naged in a different manner from what they had for- 
merly been. This forced me into a comparifon of many 
minute circumftances attending the operations, and to a 
tedious, though neceffary, combination of the various 
refults. Without taking a comprehenftve view of the 
whole matter, and ftating every thing with fairnefs and 
candour, I could not convey to others the ideas I enter- 
tained of it myfelf; nor enable them to judge, how far I 
had been juft in the conclusions already drawn, or con- 
ftftent in my fuppolitions concerning fuch points as are 
yet left doubtful. If I have been obliged to differ from 
Mr. de luc, it is becaufe the Britifh obfervations, as well 
as his own (conlidered by their extremes) feem to autho- 
rize it : he is himfelf too candid to fuppofe, that I have" 
had criticifm in view, or indeed any other objedt, than 
that of contributing my mite towards the difcovery of 
the truth, from the very good foundation which he hath 
already laid for it. I am aware it may he alledged, that 
I have rendered the theory of meafuring heights by 
5 the 
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the barometer fo much more complicate and difficult, 
as perhaps to deter others from applying it to ufeful 
purpofes. To this I anfwer, that though it feem utterly 
impoffible to render what is really intricate in its na- 
ture, extremely limple ; yet that the beft and lurelt 
method of arriving at limplicity at laffc will, in the firfc 
place, be to afcertain the limits of deviation of the 
rule, by a proper number of good obfervations, made 
in circumftances and lituations as different as poffible 
from each other. In the prefent ftate of the matter, I 
doubt not but the barometer will be found to give re- 
fults fufficiently near the truth for all ordinary purpofes, 
the nicer bufinefs of levelling alone excepted. It is the 
only inftrument by which the relative heights of places, 
in very great and diftant tradts of country, can ealily and 
fpeedily be obtained, by the preffure of the atmofphere 
alone. The method of uling it is attainable by all, re- 
quiring only a little habit, and fome degree of attention 
to prevent the admiffion of air into the tube. Few peo- 
ple are qualified for the tedious and very laborious ope- 
rations of accurate geometrical meafurements. Moun- 
tainous countries rarely afford bafes of fufficient length, 
which, to avoid error, mull: be meafured again and 
again with the utmoft care. Inftruments of the moll ex- 
penlive kinds muff be employed to take the angles; at 
the fame time that a thorough knowledge of their ufe, 

5 F 2 - and 
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and a fcrupulous attention to their various adjuffcments, 
become indifpenfably neceffary. In fhort, the facility of 
one method, compared with the other, is fo exceedingly 
obvious as to need nothing elfe to recommend it as a 
fubjeft very curious and ufeful, and therefore well wor- 
thy of the refearches of philofophers, till, by their united, 
labours, it hath been brought to perfection. 


N° I. 























ISP I. Computations of barometrical obfervations made on heights in and near London 
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N° IV, Computations of barometrical obfep 
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N° VI. near Carnarvon. 
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Computations of Mr. bouguer’s obfervations in Peru, fuppofing them to have been made at correfponding times, and in the 
mean temperature of the day, between the coldeft of the morning and hotted; of the afternoon. 
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7^0 Abba Boscowiciib Account of 

made variable. I added that the fame effect might be 
produced without the double refraction of the rock 
cry dal, with a prifm made of common glafs, only fmal- 
ler than the aperture of the objeCt-glafs. The rays 
which pals through the prifm would then form an image 
which would be feen out of its natural place; and thofe 
which pafs without would give another image, in the 
fame place it would have appeared in, if the prifm had 
not been there. 

A few days after, the Abbe fontana was told, that 
the Abbe rochon had thought of another micrometer 
with a prifm of rock cryftal, which, approaching more 
or lefs to the focus of the objeCl-glafs, had the advan- 
tage of producing a very great effedt, and might be 
achromatic; that having accordingly had his inftrument 
executed, and made feverai obfervations with it, he had 
prepared a paper on the fubjeCt, to be read at the next 

meeting 


ajoute q.ue Pon pouroit avoir le mcme effet fans la double re fr aft ion du criftal 
de roche, cn Falfaat un prifme a verre Ample, mais plus petit que Pouverture 
de Pobjeftif* Les rayons qui paffent, par le prifme, formeroient al-ors une image 
deplacee de fa pofitioa naturelle, et les autres qui pafferoient dehors, donneroient 
P autre image, ala meme place qifelle auroit, s’il n’y avoit point de prifme, 
Quelques jours apres on a annonce a M. fontana que M. PAbbe rochon 
avoit imagine un autre micrometre a prifme de criftal de roche, qui, s’ap- 
prochant plus ou moins du foyer de Pobjeftif, avoit Pavantage de prod u ire un 
effet tres grand, et de pouvoir etre acromatique : qu’ayant fait executor fon 
inftrument* et fait avec lux pluiieurs obfervations, il avoit prepare un memoir e 

fur 



a new Micrometer and Megameter. 791 
meeting of the Academy. This the Abbe fontana im- 
mediately told me, and I repeated what 1 had faid to him 
the firft time on the effect of this micrometer; adding 
at the fame time the precife meafure of the fcale for the 
meafure of the fame effedt, and the facility of obtaining 
the fame thing without the rock cryftal; mentioning 
likewife other advantages which might be derived from 
the common glafs prifm not covering the whole aper- 
ture of the objedt-glafs ; and, amongft others, that of 
being able to meafure much greater angles by this means 
than by the double refradtion of the rock cryftal. 

The Abbe rochon did accordingly read his paper to 
the Academy, and mention has been made of it in the 
public prints : he has therefore the merit of having thought 
of the fame thing, at the fame time with, or perhaps 

before 


fur cet objetj pour lire a la prochaine fesnce de FAcademie. Mr. FAbbe fon- 
tana cut la bonte de m’en avertir inimeuiatement; ce fut pour lors que je luI 
yepetai ce que j’avois eu Fhonneur de lui dire la premiere fois fur Fefiet de ce 
micrometre, en y ajoutant la mefure precife de Fedielle pour la mefure do meme 
effet, et la faciiite d’obtenir la meme chofe fans le criflal de roche, avec d’autres 
^vantages que Fon pouvoit tirer du prifme a verre fimple, ne couvrant pas toute 
I’ouverture de Pobjedtif, et entre autres celai de pouvoir mefurer par ce moyea 
des angles beaucoup plus grands, que par la double refraftion du criftal de. 
roche* 

M. FAbbe rochon a reellement lu a F Academic fon memolre, eton en a fait 
mention dans les gazettes: ainfi il a le xnerite d’avoir imagine la meme chofe,. 

dans 
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before me, without any knowledge whatever of my ideas 
on the fubjedt ; he has been the firft who announced it to 
the world, who had it executed, and who made ufe of it : 
1 have therefore no pretentions whatfoever on that head ; 
he has the merit of a great difcovery, and aftronomy has 
the foie obligation of it to him. 

But the Abbe rockon has only made ufe of the dou- 

* 

ble refradtion of the rock cryftal for his micrometer, and 
I am allured he has faid, that his prifm could give him no 
more than fix degrees. Now it is well known, that pieces 
of rock cryftal, large enough and pure enough for thefe 
purpofes, are extremely rare; hefides, the difficulty of 
working them is great, that fubftance being harder than 
glafs, and requiring the utmoft attention in cutting, in 
order to obtain the difference defined between the two 
refractions. I think therefore, that it will be doing an 

eflential 


clans Ic me me terns, peut etre avant moi, et abfolu merit fans avoir cu aucunecon* 
.noifTance cle mes idees far 1c inane objet $ de 1’ avoir an nonce ie premier an public, 
de Pavoir execute, et de s’en etre fervi Ie premier q aiufi je n’ai rien a pretend re 
cle ce core la: il a le merlte d'une belle ddeonverte, et Paflronomie lui en a 
toute Pobliiation. 

Mais ML PAbbe rochon n’a employe, pourfon micrometre, que la doable 
refraflion du criftal de roclie; et on m’a allure qu'il a dit, que fon prifrne ne 
pouvoit lui donner que jufqu’s fix degres. On fait bien que les pieces affez 
'grancles de cette matiere, et affez pares, font tres rares ; outre la difficuhe cle la 
travailler, etant plus dure que Ie verre, et quelle attention il faut avoir pour la 
him couper afin d’avoir la difference des deux refradtions que Pon vent* Ainfi 

je 
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eiTential fervice, to propofe another micrometer of com- 
mon glafs, to explain the theory of it, and to extend it to 
much larger angles, which may render it applicable to 
the optical inftruments made ufe of in the navy, in taking 
geographical latitudes and longitudes. 

I had already made a prifm of this fort, and fhewed 
the Abbe fontana its effect for the double image of the 
Sun on his excellent little achromatic glafs : the two 
images were procured by applying this prifm to the ob- 
jedt-glafs with the hand, in fuch a manner that it covered 
only one -half of it : pufhing it more or lei's forward, occa- 
fioned a change in the brightnefs of the light of the two 
images, and fhewed that they might be made equally clear. 
By changing the inclination of this piece, the diftance be- 
tween the two images was varied, which did not alter 

when 


je crois rendre un fervice encore plus confiderable, en propofant cette autre efpece 
de micrometre a verre fimple, en developpant fa theorie, en Fetendant aux 
angles beaucoup plus grands, ce qui donne le moyen. de Fappliquer auffi aux 
inftrumens d’optique, que la marine dolt employer pour obferver les latitudes et 
longitudes geographiques. 

J’avois deja fait faire un prifme de cette efpece; et fs voir au meme M« 
PAbbe fontana ion effet pour la double Image du Soleil, fur fon excellente 
petite lunette acromatique: on avoir les deux Images, en Pappliquant a la main 
fur Fobjeftif, de maniere qu’il n’en couvroit que la moltie, En le pouffant 
plus ou moins avant, on changed! la vivacite de la lumiere des deux images, oti 
Fon vovoit qu’on pouvolt les reduire a une cl arte egale; en variant rinclinaifoa 
de cette piece on varioit la diftance des deux Images, qui n’avoit aucune varia- 
Vox,. LXVIL S G tion 
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when- its diftance from the objeCt-glafs was varied with- 
out the glafs. This piece was a common prifm, which 
gave a refraction a little greater than the apparent dia- 
meter of the Sun : I added another to it afterwards, of 
the fame kind and equal, both of them having circular 
bafes. Turning one of the two parts upon its axis, will 
vary the angle from o, to double each in particular, which 
occafions the two images to approach to, or recede from, 
each other. A much flower variation is obtained by the 
greater or lefs diftance of the prifm from the objeCt-glafs ; 
but there is a particular reafon for which one cannot give 
it too large a one, the contraction of the pencil of rays 
belonging to each point of the objeCt, not allowing that 
diftance to be very great, for fear of weakening too much 
the direCt image towards the middle of the field, by the 

inter- 


tion en changeant, hors tie la lunette* fa diftance a Fobjeftif. Cette piece etolt 
un ieul prifm e Ample, tpi donnoit une refra&ion un pen plus grande que le 
cllametre apparent du Soleil ; j’y ai fait ajouter apres un autre lemblablc et egal ; 
Fun et Fautre ayant les bafts circulaires; en tournant fur fon axe i’une dcs 
deux parties, on variera Fangle depuis zero, jufqu’au double de chacun en parti- 
culler, ce qui fait approchcr et eloigner les deux images entre dies; on obtient 
une variation beaucoup plus lente par l'eloignement plus grand ou plus petit 
du prifme a Fobjeflif ; mais il y’a une raifon particuiiere pour Iaquedo on ne 
pent pas lui en donner un trop grand; car le retreciffement du pinceau do rayons 
appartenans a chaque point de l’objet, ne permet pas de Fen eloigner trop, ce qui 9 
vers le milieu du champ, affoibliroit trop Fimage direfte, en interceptant une trop 

t graude 
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interception of too great a part of the fame pencil, which, 
in the end would occalion its being altogether loft. 

I have in hand, making for me, a rude machine in 
which one of the pieces may be turned by the hand upon 
its axis, to make the diftance between the two images 
fomewhat larger than that which is intended to be mea- 
fured, as for inftance the diameter of the Sun ; and by the 
help of a moveable fcrew, one may carry the prifm, thus 
compofed, to a diftance from the objeft-glafs, by a motion 
fimilar to that of the fmall mirror of the telefcope. I 
have had it adapted to an ordinary glafs of about four 
feet, where its effect, for the Sun’s diameter, muff be 
much greater than an inch of motion in a minute ; for the 
other planets one may have ten or fifteen lines in a fecond, 
or even more. Generally the fcale is the whole length of 
the glafs for the total refraction of the prifm, which like- 

wife 


grande parti e du meme pinceau, et a la fin la feroit perdre totalement. 

Je fais faire a&uellement une machine grofiiere, clans laquelle on pent loonier 
line des deux pieces a la main, fur fon axe, pour rendre la diftance dcs deux 
images un pen pins grande qne celle que Ton vent mefurer, comme du diametre 
du Soleil ; et a Faicle d’une vis de rapel, on pent eloigner 1c priime, ainfi comroftft 
cle Pobjedfcif, par nn mouvement femblable a celui du petit miroh* des teleicopes* 
Je Fax fait adapter a nne lunette ordinaire de pres cle quatre pies, ou Ion diet, pot 1 
le diametre du Soleil, doit etre de beaucoup pins d’un ponce de mouvement par 
minute; et pour 3 es antres planetes on pent avoir 50 ou 15 Iignes par fecond e, 
et plus encore, Generalcment Pddielle eft touts la longuer de la innate pour 

j G 2 h 
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wife is the cafe in the Abbe rockon’s prifm, for the dif- 
ference of the two refractions. But one may vary the 
angle by applying the prifm without the glafs near the 
©bjedt-glafs, and turning one of the parts upon its axis. 
In that cafe, the fcale of the excefs of the fum of the re- 
fractions of the two parts of the prifm above the difference, 
will be in length no more than half the circumference of 
a circle, though the circle may be made as large as one 
pleafes ; but the difference of the diftance of the images, 
will not be proportional to the difference of the arcs run 
through by the index. In order to determine the relation 
which the motion of the index bears to the variation of 
the diftance between the two images, one muft have the 
folution of a geometrical problem, which is eafily gained 
by fpherical trigonomety ; but it will be always better to 

deter- 


la rcfra&ion totale clu prifme, ce qui eft 1c meme pour la difference des deux 
refra&ions dans le prifme de M. FAbbe rochon, Mais on pent varier l’angle 
ea appliquant le prifme hors de la lunette, a cote de Fobjeftif, en faifant tourne r 
nne des deux parties fur fon axe. Alors l’echcllc de Pexces que la fomme des-* 
re fr aft ions des deux parties du prifme a fur la difference, n’aura pour fa longueur 
que la demi circonfcrenco d’un cercle* quoiqffon puiffe faire ce cercle auffi grand 
que Fon veut$ mais la difference de la diftance des images ne fera pas proper- 
tionelle a la difference clcs arcs parcourus par Pindex. Pour determiner la rela- 
tion du mouvement de Findex avec la variation de la diftance des deux images* 
il faut refund re nn probleme de geometric* et fen ai la folution bien firnple par 
la trigonometric fpherkuie; mais il yaudra toujours beaucoup mieux determiner 

ce 
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determine this relation by an actual terreftrial obfer- 
vation of a divided ruler, obferved at a given diftance. 

When the angle happens to be a large one, the co- 
lours would naturally be fuch as would greatly deform 
one of the two images of the objedt, namely, that 
given by the rays that pafs through the prifm ; but this 
is eafily remedied, at leaft in a great meafure, by making 
each prifm of two pieces, one of common and the other 
of flint-glafs. One may multiply the compofed achroma- 
tic prifms with variable angles by making the one give 
degrees from 5 to 5, or from 2 to 2, and the other the 
minutes. One may put two on the outfide near the ob- 
jedt-glafs, which will change the diftance of the images 
by the circular motion, and give the angle required a 
little larger than the real one ; and another within which 

will 


ce raport par une obfervation adiuelie terreftre d’une regie divifee, et obfervee a 
une diftance don nee. 

Quand il s’agit d’un grand angle, on auroit des couleurs qui deformeroient 
beaucoup une des deux images de Tobjet, c’efta dire celle qui eft donnee par les 
rayons paffes a travers du prifm e : on les evite aifement, an moins en grande 
partie, en compofant cliaque prifme de deux pieces-, une de verre commun, et 
Fautre de flint-glafs. On pent multiplier les prifmes compofes acroniatiques et 
a angles variables, en faifant queFun donne les degres de 5 en 5, ou de 2 en 2, et 
Fautre les minutes: on pent en mettre deux dehors, pres de Fobjeffif, qui 
cbangeront la diftance des images par le mouveraent circulaire, et donneront 
Tangle cherche un peu plus grand que le veritable ; et un autre dedans, qui 

donneia, 
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'-will exactly give the feconds. I have already thou ; ; f 

the inilruments requilite for obtaining all thefe c r. ; v..ts 
with accuracy, as well as for the application of a v . iable 
prifm to the common bailor’s o&ant, and have by me the 
folution of the neceffary problems : this will be the ob- 
ject of a work I am preparing. I11 the mean time I pub- 
lifh this, to give others an opportunity of hitting on 
lomething better concerning the mechanical construc- 
tion of thefe inftruments. 


donnera, avec toute precifion, les fccondes. j ? ai cleja imagine les inftrumens 
ncccffaires pour avoir avec exaftitude tons ces objets, comme aufli pour 1’ appli- 
cation d’un prifm e variable a I’o&ant de marine ordinaire, ayant auffi la folution 
des problemes ncceflaires. Tout cela fera l’objet d’un ouvrage que je prepare 
fur cette matiere, En attendant je publierai dans les differens journaux ce 
Profpeftus, pour donner plut&t a tout le monde le moycn d’imaginer fur la 
forme mechanique des inftrumens, quclque chofe de mieux que ce qui m’cft 
vpnu dans l’efprit fur ce fujet nouveau* et bien intereffanu 
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XXXYI. Account of a new Injlrument for meafuring fmall 
Angles , called the prifmatic Micrometer . By the Rev. 
Nevil Maikelyne, D. D. F. R. S. and AJlronomer- 
Royal. 


Read Dec. iS, iq R ACTIC AL aftronomy was much be- 
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nefited by the invention of the wire 
micrometer, for meafuring differences of right afcenfion 
and declination : nor did it receive lefs advantage from 
Mr. savery’s moil ingenious invention of the divided 
objedt-glafs micrometer, which has been rendered more 
commodious by the late Mr. John dollond’s applica- 
tion of it to the objedl-end of a reflecting telefcope, or 
the prefent Mr. peter dollond’s application of it to the 
object- end of an achromatic refracting one. 

But, valuable as the objedt-glafs micrometer , un- 
doubtedly is, fome difficulties have been found in the 
ufe of it, owing to the alterations in the focus of the eye, 
which are apt to caufe it to give different meafures of the 
fame angle at different times. For inftance, in meafuring 
the Sun’s diameter, the axes of the pencils of rays, which 
come through the two legmenfs of the objedi-glafs from 


4 


contrary 
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contrary limbs of the Sun, croffing one another at the 
focus of the telefcope under an angle equal to that ot 
the Sun’s diameter, the union of the limbs of the two 
images of the Sun cannot appear perfed unlefs the eye 
be difpofed to fee objeds diftindly which are placed at 
point of interfedion. But if the eye be difpofed to fee 
objeds diftindly, which are placed nearer the objed- 
glafs than the interfedion is, the two limbs will appear 
feparated by the interval of the axes of the pencils in 
that place ; and if the eye be difpofed to fee objeds dif- 
tindly, which are placed farther from the objed-glafs 
than the interfedion is, the two limbs will appear to en- 
croach upon each other by the diftance of the axes of the 
pencils, after their croffing, taken at that place. 

To explain this, let ov (plate XIX. fig. i.) reprefent 
the centres of the two femi-circular glades of the objed- 
glafs micrometer, feparated to the diftance ov from each 
other, fubtending the angle oa v, equal to the Sun’s dia- 
meter, at the point a, which is the common focus of the 
two pencils of rays having oa and va for their axes, 
namely, thofe proceeding from contrary fides of the Sun, 
and paffing through the contrary femi-circles ; and let d 
be the eye-glafs. It is evident, that if d be properly 
placed to give diftind vifion of objeds placed at the point 
the rays o a, va t as well as all the other rays belonging 

5 to 
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to thofe pencils, will be collected into one point upon the 
retina of the eye; and confequently, the two oppofite 
limbs of the two images of the Sun will feem to coin- 
cide, and the two images of the Sun to touch one ano- 
tlier externally. But if the ftate of the eye fhould alter, 
the place of the eye-glafs remaining the fame, the eye 
will be no longer difpofed to fee the image formed at the 
point a diifinclly, but to fee an objedt placed at ef 
nearer to or farther from the objedf-glafs diilinclly ; and 
therefore an image wall be formed on the retina exactly 
limilar to tire fomewhat confufed image formed by the 
rays on a plane perpendicular to their courfe at ef. Con- 
iequently, as the two cones of folar rays, cx a. 

formed by the two femi-circles, are feparated or en- 
croach upon one another at this point of the axis by the 
diftance ef the two images of the Sun will not feem to 
touch one another externally , but to feparate or to encroach 
upon one another by the interval ef. The error hereby 
introduced into the meafure of the Sun’s diameter will 
be the angle erf fubtended by ef at r the middle point 
between o and v, which is to eaf or o ax, the Sun’s ap- 
parent diameter, as ae to cr, or even to ar, on account 
of the fmallnefs of ae with refpect to ar. 

Thefe confiderations concerning the caufe of a prin- 
cipal error that has been found in the objedt-glafs micro- 

Vo l. LX VII. 5 H meter, 
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meter led me to inquire, whether feme method might 
not be found of producing two diftindt reprefentations of 
the Sun, or any other object, which fhould have the axes 
of the pencils of rays, by which they are formed, diverg- 
ing from one and the fame point, or nearly fo: and it 
occurred to me, that this- might be done by the refraction 
of a prifm placed to receive part of the rays proceeding 
from the objedt, either before or after their refraction 
through the objedt-glafs-of a telefcope. If the prifm he 
placed without the objedt-glafs, the rays that are re-- 
fradted through it will make an angle with the rays 
that pafs behcle it equal to the refradtion of the prifm ; • 
and this angle will not be altered by the refradtion of the 
objedt-glafs afterwards. Confequently, two images of an 
objedt will be reprefented, and the prifm fo applied will ' 
enable us to meafure the apparent diameter of any ob- ■ 
jedt, or any other angular di fiance which is equal to the 
refradtion of the prifm. But if the prifm be placed 
within the objedt-glafs, that is to fay, between the objedt- 
glafs and eye-glafs, the angle meafured by the inftrument 
will vary according to- the diitance of the prifm from the 
focus of the objedt-glafs, bearing the fame ratio to the 
refradtion of the prifm, as the diitance of the prifm from 
the focus bears, to the focal length of the objedt-glafs. 

Let 
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Let acb (fig. 2.) reprefent the objedt-glafs, and d the 
eye-glafs of a telefcope, and fr a prifm placed to in- 
tercept part of the rays coming from an objedt, fup- 
pofe the Sun, before they fall on the objedt-glafs. The 
rays ee proceeding from the Eaftern limb of the Sun, 
and refracted through the objedt-glafs acb without paf- 
fing through the prifm, will form the correfponding 
point of the Sun’s image at e\ and the rays ww proceed- 
ing in like manner from the Weftern limb of the Sun 
will be refracted to form the correfpondent point of the 
.Sun’s image at w. But the rays 2 f, 2E, aw, aw, pro- 
ceeding in like manner from the Eaftern and Weftern 
limbs of the Sun, and falling on the prifm pr, and 
thence refradted to the object-glafs acb, will, after re- 
fraction through it, form the correfpondent points of the 
Sun’s image at ie, iw. Let the refradtion of the prifm 
be equal to the Sun’s apparent diameter : in this cafe, at 
whatever diftance the prifm be placed beyond the objedt- 
glafs, the two images of the Sun we, zzvie, will touch 
one another externally at the point eiw, for the rays 
2W, 2W, proceeding from the Weftern limb of the Sun • 
being inclined to the rays ee proceeding from the 
Eaftern limb in the angle of the Sun’s apparent diame- 
ter, will, after fuffering a refradtion in pafling through 
the prifm equal to the Sun’s apparent diameter, emerge 

5 H 2 from 
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from the prifm and fall upon the objeCt-glafs parallel to 
the rays ee, and confeqnently will have their focus iw 
coincident with the focus e of the rays ee, and therefore 
the two images of the Sun we, izv2e, will touch one 
another externally at the point eiw, and the inftrument 
will meafure the angle EC2W, and that only. 

But if the prifm be placed within the telefcope, the 
angle meafured by the inftrument will be to the refrac- 
tion of the prifm as the diftance of the prifm from the 
focus of the objeCt-glafs is to the focal diftance of the 
objeCt-glafs : or if two prifms be ufed to form the. two 
images, with their refracting angles placed contrary 
ways, as reprefented in fig. 3. and 4. the angle meafured 
will be to the fum of the refractions of the prifms as the 
diftance of the prifms from the focus of the objeCt-glafs 
is to the focal diftance of the objeCt-glafs. For let acb 
(fig. 3.) reprefent the objeCt-glafs, and d the eye-glafs of 
a telefcope, and pr, rs, two prifms interpofed between 
them, with their refracting angles turned contrary ways, 
and the common feCtions of their refracting planes 
touching one another at r. The rays proceeding from 
an objeCt, fuppofe the Sun, will be difpofed, by the re- 
fraction of the objeCt-glafs, to form an image of the Sun 
at the focus ; but part of them falling on one prifm, and 
part on the other, will be thereby refraCted contrary 
ways, fo as to form two equal images we, iwze, which, 

if 
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if the refractions of the prifms be of proper quantities, 
will touch one another externally at the point eiw. Let 
ecn be the axis of the pencil of rays ee proceeding from 
the Sun’s Eaftern limb; and wco the axis of the pencil 
of rays ww proceeding from the Sun’s Weftern limb; 
and the point- n the place where the image of the 
Sun’s Eaftern limb would be formed, and the point o 
where that of the Weftern limb would be formed, 
were not the rays diverted from their courfe by the ■ 
refractions of the prifms. But by this means part, 
of the rays ee, which were proceeding to n, falling 
on the prifm pr, will be refraCted to form an image of 
the Sun’s Eaftern limb at e, while others of the rays ee,- 
which fall on the prifm p,s, will be refracted to form an 
image of the Sun’s Eaftern limb at le. In like manner, 
part of the rays ww, which were proceeding to form an - 
image of the Sun’s Weftern limb at o, falling 011 the 
prifm r&, will be refraCted to form an image of the Sun’s 
Weftern limb at 2® coincident with e, the point of the 
image correfpondent to the Sun’s Eaftern limb ; while 
others of the rays ww, which fall on the prifm pr, will be 
refraCted. to form the image of the Sun’s Weftern limb at 
w. The two images we, iwie, are fuppofed to tor ch one - 
another externally at the point eiw. The ray efr, chich . 
belongs to the axis ecn, and is refraCted by the pi dm 
pr to e , undergoes the refraction nr e, which • (be- 

caufe 
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caufe fmall angles are proportional to their lines, and the 
line of nr e is equal to the line of its fupplement nrc) 
is to ncr. as nc or ce is to nr or Re. In like manner, the 
ray wgr, which belongs to the axis wco, and is refracted 
by the prifm its to izv or e, undergoes the refradion ORr, 
-which is to oce as oc or ce is to rq or r<j; therefore, by 
-compolition, grn the fum of the refractions one, nr<?, is 
to ocn the fum of the angles oc<?, nc^, or the Sun’s ap- 
parent diameter, as ce to r<?; that is, as the focal diftance 
•of the objed-glafs to the diftance of the prifms from the 
focus of the objed-glafs. 

Or let the prifms pr, rs, be placed with their refract- 
ing angles p, s, turned from one another as in fig. 4.: 
the refraction of the prifm pr will transfer the image of 
the Sun from on to we, and the refraction of the prifm 
rs will transfer the image on to 2 wie, the two images 

I* 

'iwie, we, touching one another .externally at the point 
lew. Let ecn, wco, he the axes of the pencils of rays 
proceeding from the two extreme limbs of the Sun, and 
N, o, the points where the images of the Sun’s Eaftern 
and Weftem limbs would be formed by the objed-glafs, 
were it not for the refradion of the prifms ; the ray efr, 
which belongs to the axis ecn, and is refraded by the 
prifm rs to 2 /?, undergoes the refraction nr and the 
iray wgr, which belongs to the axis wco, and is refraded 

by 
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iiy the ■ prifm. pr to w } undergoes the refradtion or®. 
Now nc part of the angle meafured, is to nr the 
refraction of the prifm rs, as mv to czr; and oc w, the 
other part of the angle meafured, is to or w, the refrac- 
tion of the prifm pr, in the fame ratio of Rzy to cw : there- 
fore ocn, the whole angle meafured, is to orn, the fum 
of the refractions of the two prifms, as rw to cze?; 
that is, as the diftance of the prifms from the focus 
of the objedt-glafs- to the focal diftance of the objedt- • 
glafs. 

When the prifms are placed in the manner repre- 
fented in fig. 3. the point e of the image we is illumi- 
nated only by the rays which fall on the objedt-glafs be^ 
tween a and f, and the point iw only by the rays which 
fall on the objedt-glafs between b and g. Now the an- 
gles crf, crg, equal to the refradtions of the prifms, . 
being conftant, the fpaces fc, cg, will increafe in propor- 
tion as the diftances rf, rg, increafe, and the fpaces af, . 
gb, diminifli as much; and therefore, the images at the 
point of mutual contadt ezw will be each illuminated by. 
half the rays which fall on the objedt-glafs when the 
prifms are placed clofe to the objedt-glafs; but will be - 
enlightened lefs and lefs the nearer the prifms are.- 
brought to the focus of the objedt-glafs. 


But: 
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But when the prifms are placed in the manner fliewn 
in fig. 4. the images at the point of contact, as the prifms 
are removed from the objeCt-glafs towards the eyc-glafs, 
will be enlightened with more than half the rays that 
fall on the objedt-glafs, and will be moft enlightened 
when the prifms are brought to the focus itfelf; for the 
point ie of the image 2W. le will be enlightened by all 
the rays ee that fall on the objeCt-glafs between b and f, 
and the point w of the image we will be enlightened by 
all the rays ww which fall on the objeft-glafs between a 
and g. But the difference of the illuminations is not 
very confiderable in achromatic telefcopes, on account of 
the great aperture of the objedt-glafs ; as the greateft 
fpace fg is to the focal diftance of the obje< 5 t-glafs, as the 
fum of the fines of the refractions of the prifms is to the 
radius. 

There is a third way, and perhaps the beft, of placing 
the prifms, fo as to touch one another along their fides 
which are at right angles to the common feCtions of their 
refradting planes. In this difpofition of the prifms, the 
images will be equally enlightened, namely, each with 
half the rays which fall on the objeCt -glafs, wherever 
the prifms he placed between the objeCt-glafs and eye- 
glass- 


From 
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From what has been fhewn it appears, that this in- 
fixument, which may be properly called the prifmatic 
micrometer, will meafure any angle that does not exceed 
the him of the refractions of the prifms, excepting only 
very fmall angles, which cannot be taken with it on ac- 
count of the vani filing of the pencils of rays at the junc- 
ture of the two prifms near the focus of the objedt-glafs ; 
that it will afford a very large fcale, namely, the whole 
focal length of the objedt-giafs for the greateft angle 
meafured by it ; and that it will never be out of adjult- 
ment ; as the point of the fcale where the meafurement 
begins (or the point of o) anfwers to the focus of the 
objedt-glafs, which is a fixed point for celeflial objects, 
and a point very eafilv found for terreftrial objects. 'All 
that will be neceffary to be done, in order to find the 
value of the fcale of this micrometer, will be to meafure 
accurately the drftance of the prifms from the focus 
when the inftrument is fet to meafure the apparent dia- 
meter of any object fubtending a known angle at the 
centre of the objedt-glafs, which may be eafily found by 
experiment, as by meafuring a bafe and the diameter of 
the objedt obferved placed at the end of it, in the man- 
ner practiced with other micrometers : for the angle fub- 
tended by this objedt will be to the angle fubtended by a 
celeflial objedt, or very remote land objedt, when the 
Vol. LX VII. 5 I diftance 
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diftance of the prifms from the principal focus is the 
fame as it was found from the actual focus in the ter- 
reftrial experiment, as the principal focal diftance of the 
objedt-glafs is to the actual focal diftance in the faid ex- 
periment. 

It will, I apprehend, be the belt way in practice, in- 
ftead of one prifm to ufe two prifms, refracting contrary 
ways, and fo divide the refraCtion between them (as re- 
prefented in fig. 3. and 4.). Achromatic prifms, each 
compoled of two prifms of flint and crown-glafs, placed 
with their refracting angles contrary ways, will un- 
doubtedly be neceflary for meafuring angles with great 
precifion by this inftrument : and I can add with plea- 
fure, that I find by experiment made with this inftra- 
ment, as it was executed by Mr. dollond with achro- 
matic prifms, ground with great care for this trial above 
a twelve-month ago, that the images after re fraction 
through the prifms appear very diftinCt; and that obfer- 
vations of the apparent diameters of objects may be 
taken in the manner here propofed with eafe and pre- 
cifion. 

Two or more fets of prifms may be adapted to the 
fame telefcope, to be ufed-each in their turn, for the more 
commodious meafurement of different angles. Thus it 
may be very convenient to ufe one fet of prifms for mea- 

1 Turing 
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faring angles not exceeding 36', and confequently fit for 
meafuring the diameters of the Sun and Moon, and the 
lucid parts and diftances of the cufps in their eclipfes ; 
and another fet of prifms to meafure angles not much 
exceeding one minute, and confequently fit for meafur- 
ing the diameters of all the other planets. This latter 
fet of prifms will be the more convenient for meafuring 
fmall angles, on account of a fmall imperfection attend- 
ing the ufe of this micrometer, as before mentioned ; 
namely, that angles cannot be meafured with it when the 
prifms approach very near the focus of the obje£t-glafs, 
the pencils of rays being there loft at the point where 
the prifms touch one another. 

Upon the principles that have been here explained, a 
prifm placed within the telefcope of an aftronomical in- 
ftrument, adjufted by a plumb-line or level, to receive all 
the rays that pafs through the objeCt-glafs, may conve- 
niently ferve the purpofe of a micrometer, and fuper fecle 
the ufe both of the vernier fcale and the external micro- 
meter; and the inftrument may then be always fet to 
feme even divifion before the obfervation. Thus the 
ufe of a telefcopic level may be extended to meafure 
with great accuracy the horizontal refractions, the de- 
preffion of the horizon of the fea, and fmall altitudes 
and. depreflions of land objects. Time and experience 

5 I 2 will 
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will doubtlefs fuggeft many other ufeful applications of 
this inftrument. 

A paper from the learned Abbe boscovich was read 
before this Society the ninth of laft June, defcribing a 
fimilar contrivance as an invention of the Abbe rochon, 
in which the Abbe boscovich himfelf alfo claims fome 
fhare;. I therefore defire to acquaint this Society, that I 
communicated this invention to Mr. dollond, and had 
it executed by him and alfo {hewed the inftrument itfelf, 
fo executed, to my efteemed friend Alexander aubert, 
efq. fellow of this Society, a gentleman very well quali- 
fied to judge of things of this nature, above a twelve- 
month before the communication of the Abbe bosco- 
vich’s paper,, as will appear from their written attefta- 
t-ions, drawn, up at my defire, defcribing the particulars 
of the communication of this invention which I made to 
them fo long ago. May I be permitted to remark, that 
this inftrument having been executed by my directions, 
in feveral forms, by Mr. dollond, between the months 
of March and Auguft, 1776, and fet up and tried at his 
houfe in the prefence of feveral of his workmen, could 
not be confidered as an abfolute fecret concealed from the 
public. However, I doubt not that the following attefta- 
tions.of Mr, aubert and Mr. dollond will fufficiently 
prove my title to this invention of the prifmatic micro- 
6 meter;, 
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meter; and I take this opportunity of exhibiting to the 
Society the inftrument itfeif, mentioned in Mr. dol- 
lond’s letter as executed by himfelf according to my di- 
redtions, and fent to the Royal Obfervatory in the month 
of Auguft 1776. 

Greenwich, 

December 11, 1777. 


TO THE REV, DR* MASKELYNE. 


R E V. S I Rj 


Sc. Paul’s Church-yard, 
Nov. sa, 1777, 


ACCORDING to your defire I fend the following 
particulars of the experiments which were made by your 
directions, for compleating a new kind of micrometer for 
meafuring fmall angles. About the beginning of April 
1776, 1 received your firft directions refpedting this mat- 
ter, which were to make two prifmatic glaffes or wedges 
of fuch angles that rays of light, which palled through 
them, fhould be refracted about 1 8' of a degree : thele 
were to be placed between the objedt-giafs and eye-glafs 
of an achromatic telefcope about 30 inches long. The 
angular edges of the two prifmatic glaffes were to be 
placed in contadt with each other; they were to be 
moved in a. parallel pofition from the objedt-giafs to the 

focus 
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focus of the eye-glafs, and to be of fuch a fize as to cover 
the aperture of the object-glafs when brought clofe to it. 
By the refraction of thefe wedges two images were 
formed in the telefcope, which were at the greateft dif- 
tance (about 36') when, the wedges were clofe to the ob- 
jeCt-glafs, and approached as they were moved towards 
its focus, where they united ; fo that the whole focal 
diftance of the object-glafs was to be the length of the 
fcale for meafuring the angular diftance of the two 
images formed in the telefcope. When thefe wedges 
were applied, as above defcribed, the two images wore 
found to be coloured to a great degree, occaftoned by the 
refraction of the wedges. This defeCt you directed me 
ta remove by making the prifmatic glaffes or wedges 
achromatic,, on the fame principles as the achromatic 
objeCt-glaffes ; and, after feme difficulties, this was ef- 
fected; the two images formed lathe telefcope appeared 
free from colours and diftinCt. The above experiments 
were made in a rough wooden tube, with an inconve- 
nient method, of moving the wedges by hand : in this 
ftate it was when fliewn to Alexander, aubert, efq* 
f. r. s. towards the end of May, 1776; after which you 
defined to have it done in a more compleat manner, in a 
brafs tube, with a, means of turning the tube round to 
take angles in different directions,, and a method of 

moving 
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moving the wedges with a fcrew. This was compleated 
about the middle of Auguft in the fame year, and then 
fent to the Royal Obfervatory. I have the honour to be, 

REVEREND SIR, 

Your obedient humble fervant, 

PETER DOLLOND.. 


I HEREBY certify, that in the month of May,.. 
1776, the Rev. Mr. maskeline, Aftronomer-royal,, 
produced to me, at Mr. dollond’s houfe in St. Paul’s 

church-yard, and in his prefence,, as a new invention of 

% 

his own, an iuftrument for meafuring fmall angles, con- 
lifting of two achromatic prifms or wedges applied be- 
tween the objedt-glafs and eye-glafs of an achromatic 
telefcope about 30 inches long, by moving of which 
wedges nearer to, , or farther from, the. objedt-glafs, the 
two images of an objedt produced by them appeared to- 
approach to, or recede from, each other, fo that the focalt 
length of the objedt-glafs became a fcale for meafuring; 
the angular diftance. of the two images. - 


London, 
Hoy* 177 7* 


AJLEX R . AUBERTi. 
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XXXVII. the Report of the Committee appointed by the 
Royal Society to confide r of the bejl Method of adjufiing 
the fixed Faints of 'thermometers ; and of the precau- 
tions neceffary 'to be ufed in making Experiments with 
thofe Infirumenls. 


Read June 19, and Dec, 285 1777® 

I T is imiverfally agreed by all thofe who make and life 
Fahrenheit’s thermometers, that the freezing point, 
or that point which the thermometer Hands at when {un- 
rounded by ice or fnow beginning to melt, is to be called 
3 a 0 ; and that the heat of boiling water is to be called 
2.1 a 0 : hut for want of further regulations concerning 
the manner in which this laft point is to be adjufted, it is 
placed not lefs than two or three degrees higher on fome 
thermometers, even of thofe made by our belt artifts, 
than on others. The two principal caufes of this dif- 
ference are, firft, that it has never been fettled at what 
height of the barometer this point is to be adjufted^; 

and 

fa) Fahrenheit found that the heat of boiling water differed according 
to the height Of the barometer; but fuppofed the difference to be much greater 

than 
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and fecondly, that fo much of the quickfilver in the 
thermometer as is contained in the tube, is more heated 
in the method ufed by fome perfons, than in that ufed 1>\ 
others. To fhew that this laft circumftance ought by no 
means to be difregarded, fuppofe that the ball of a ther- 
mometer be dipped into boiling water as far as to the 
freezing point, and confequently that the length of the 
column of quickfilver in that part of the tube which is 
not immerfed in the water be 180 0 ; and fuppofe that 
the heat of that part of the column of quickfilver be no 
more than 1 1 z°. If the thermometer be now intirely 
immerfed in the water, the heat of this column will be 
increafed ioo°; and confequently its length will be in- 
creafed by y- j f o parts of the whole, as quickfilver ex- 
pands ttjoo P art of its bulk by each degree of heat ; and 

confequently the thermometer will Hand ~~q C ° or ra- 
ther more than i°| higher than it did before. 

Another thing to be confidered in adjufting the boil- 
ing point is, that if the ball be immerfed deep in the 
water, it will be furrounded by water which will be com- 

than it really is. Mr. be bug lias fince, by a great number of experiments 
made at very different heights above the level of the fea, found a rule by which 
the difference in the boiling point, anfwering to different heights of the baro- 
meter, is determined with great exadlnefs. According to this rule the altera- 
tion of the boiling point by the variation of the barometer from 29I to goj 
inches is i°»59 of Fahrenheit. 

Vol« LXVIL 5 K 
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prefled by more than the weight of the atmofphere, and: 

on that account will be rather hotter than it ought to be. 

We arc of opinion, that the quickfilver in the tube 
ought, if poflflble, to be kept of the fame heat as that in 
the ball, and that the ball ought not to be immerfed deep 
in the water. Thefe two requifites may be obtained by 
ufing a veffel covered fo as to allow no more paffage than 
what is fufficient for carrying off the fteam; for then, if 
the thermometer be inclofed in this veffel in fuch man- 
ner that the boiling point fhall rife but a little way above 
the cover, almoft all the quickfilver in the tube will be 
furrounded by the fteam of the boiling water, and con- 
fequently will be nearly of the fame heat as the water 
itfelf: we therefore made fome experiments to deter- 
mine how regular the boiling point would be when tried 
in fuch veffels, both when the ball was immerfed in the 
water, and when it was expofed only to the fteam as re- 
commended by Mr. cavendish (h) 

The veffel ufed in thefe experiments is reprefented in 
fig. i. ABha is the pot containing the boiling water; 
T>d is the cover; e is a chimney for carrying off the 
fteam; mm is the thermometer fattened to a brafs frame ; 
this thermometer is paffed through a hole f/ in the co- 
ver, and refts thereon by a circular brafs plate og fattened 

(b.) Phil. Tranf..vol. LXVI. p. 380.. 

to 
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to its frame, a piece of woollen cloth being placed be- 
tween Gg and the cover, the better to prevent the efcape 
of the vapours. 

There were two pots of this kind ufed by us ; one five 
inches in diameter and nine deep; the other, 4- in dia- 
meter and 23 deep. Two of the thermometers princi- 
pally ufed were the fhort ones, the brafs plate (g g) being 
placed only 3^ inches above the top of the ball, and the 
boiling point riling not much above that plate : the third 
thermometer was much longer, the. plate (Gg) being 17 
inches above the ball. They were all three quick; the 
firft containing only 2j degrees to an inch ; the fecond 
5 0 ; and the third io°. The firft had a cylinder inftead 
of a hall ii inch long and in diameter'^; the two 
others had fpherical halls, about -J- of an inch in dia- 
meter. 

On trying thefe thermometers in the above mentioned 
veffels, with the water riling two or three inches above 
the top of the hall, we found fome variations in the 
height according to the different manner of making the 
experiment, but not very confiderable ; for the moft part 
there was very little difference whether the water boiled 

(c) In the two ftiort thermometers the qmckfilvcr would have defcended into 
the ball when cold, had not the tube been fwelled a little, dole to the ball, in 
order to prevent it* 

faft 
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faft or very gently ; and what difference there was, was: 
not always the fame way, as the thermometer fometimes 
flood higher when the water boiled faft, and fometimes 
lower. The difference, however, feldom amounted to 
more than f^th of a degree, unlefs a confiderable part 
of the fides of the pot were expofed to the fire ; but in 
feme trials which we made with the. fhort thermometers 
in the fhort pot, with near four inches of the fide of the 
vefiel expofed to the fire AV , they conftantly flood lower 
when the water boiled faft than when flow, and the 
height was in general greater than when only the bot- 
tom of the pot was expofed to, the fire.. This- difference, 
however was not perceived in the trials of the long 
thermometer in the deep pot, as there feemed very little 
difference in the height whether the water boiled faft or 
flow, or whether more or lefs of the fide of the pot was 
expofed to the fire. The greateft difference obferved in 
the fame thermometer, on the fame day and in the fame 
water, according to the different manner of trying the 
experiment, was half a degree. 

(d) In all our experiments, the water was boiled oyer a portable black-lead 
fvurnacc, covered with an iron plate, which had a hole cut in it juft big enough, 
to receive the bottom of. the pot; fo that, by palling the bottom through this 
hole to a greater or lefs depth, we could expofe more or lefs of the fides to the 
five. In the other experiments, not more than one inch of the Ikies was ever 
expofed’ to the fire. 


We 
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We made fome trials with the long thermometer in 
the deep pot, to determine how much the height of the 
boiling point was affected by a greater or lefs depth of 
water above the ball. By a mean of the experiments it 
flood ,66 of a degree higher when the water rofe 15 
inches above the ball, than when it was only three inches 
above the ball; fa that increafing the depth of water 
above the ball by 1 1 inches, raifed the thermometer ,66 
of a degree, that is ,06 for each inch. 

We w'ould by no means infer however from hence, 
that it is a conftant rule, that the height of the boiling 
point is increafed ,06 of a degree by the addition of each 
inch in the depth of the -water above the ball ; as per- 
haps the proportion would be found very, different in 
greater depths of tvater or in wider veffels. 

If this rule is conftant, it would iliew that, when the 
preffure on that part of the water which furrounds the 
ball is increafed by increafing the depth of water above 
the ball, the height of the boiling point is not altered 
thereby more than half as much as by an equal increafe 
of preffure produced by an alteration in the weight of 
the atmofphere : for the preffure on that part of the wa- 
ter which furrounds the ball is as much increafed by an 
alteration of 1 1 inches in the depth of the water above 
the ball, as by an increafe of of an inch in the height 
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of the barometer; and fuch an alteration in the height 
of the barometer is fufficient to raife the boiling point 
i%3- 

It feems as if the height of the boiling point was in 
fome meafure increafed by having a great depth of wa- 
ter below the ball, as in general the fhort thermometers 
flood higher when tried in the deep pot than in the fhort 
one; this effect, however, did not always take place. In 
the former of theie cafes, the depth of water below the 
ball was about 1 8 inches, in the other only 4; but the 
depth of water above the ball was the fame in both 
cafes. 

It muffc be obferved, that when there was a great 
depth of water in the veffel, either above or below the 
ball, the experiments were much more irregular, and the 
quickfilver in the tube remained much lefs fteady than 
when it was fmall. When the depth of water in the 
veffel is great, it is apt to boil in gufts, which feems to 
be the caufe of this irregularity ; though we could not 
perceive any regular connection between thefe gufts and 
the riling of the thermometer. 

In the experiments made with the water not riling fo 
high as. the ball, fo that the thermometer was expofed 
.only to the fteam, we very feklom found any fenlible 
difference whether the water boiled faft or flow: but 

whenever 
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whenever there was any, the greater height was when 
the water boiled fait; the difference, however, never 
amounted to more than ^th of a degree. 

There was fcarce ever any fenfible difference whether 
the fhort thermometers were tried in the fhort pot or the 
deep one, though in the former cafe the ball was railed 
very little above the furface of the water, and in the lat- 
ter not lefs than 1 4 inches : neither did we find any fen- 
fible difference in trying them in the tall pot, whether 
there was a greater or lefs depth of water in the vefiel. 

As it was neverthelefs fufpected, that the heat cf the 
fleam might poffibly be lefs near the top of the pot than 
lower down (for in thefe experiments the ball of the 
thermometer was always at the fame depth below the 
cover, though its height above the furface of the water 
was very different) we made two holes in the fide of a 
pot four inches deeper than the deepeft of the foregoing, 
one near the top of the pot, and the other not far from 
the bottom, and paffed the ball of the thermometer 
through one or the other of thefe holes, taking care to 
flop up both holes very carefully, fo that no air could 
enter into the pot by them: no fenfible difference could, 
be perceived in the height, whether the thermometer 
was placed in the upper or lower hole, though in one 
2 cafe 
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cale the ball was only three inches, and in the other 21 

i iiclics, below the cover. 

The heat of the fleam therefore appears to be not 
ienflbly different in different parts of the fame pot; nei- 
ther does there appear to be any fenffbie difference in its 
Peat, whether the water boil fail or flow ; whether there 
be a o-rcater or lets depth of water in the pot; or whe- 
ther there be a greater or lefs diftance between the fur- 
face of the water and the top of the pot; fo that the 
height of a thermometer tried in fleam, in velfels pro- 
perly clofed, feerns to be fcarce Ienflbly affected by the 
different manner of trying the experiment. 

Though, as was before laid, there was fcarce any dif- 
ference in the height of the quickfilver, whether the 
water boiled faft or flow, yet, vffien the water boiled 
flow, the thermometer was a great while before it rofe to 
its proper height; and when it boiled very flow, it 
feemed doubtful whether it would have ever rifen to it, 
efpecially if the ball was raffed a great way above the 
furface of the water: but when, by making the water 
boil brffkiy,the thermometer had once rifen to its proper 
height, the water might then be fuffered to boil very 
gently, even for a great length of time, without the ther- 
mometer finking fenfibly lower ^ 

All 

f e) The reafon of this feems to be that, while -any air is left in the pot, the 

fteam 
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All three thermometers were found to Hand, in jrene- 
ral, from 30 to 65 hundredths of a degree higher when 
the ball was immerfed a little way in the water (neglect- 
ing thofe obfervations in which much of the tides of the 
pot were expofed to the fire) than when it was tried in 
fleam : at a medium they flood higher, which is equal 
to the difference produced by a variation of -^ths of an 
inch in the barometer; fo that the boiling point, adjufted 
at a given height of the barometer, with the ball im- 
meried a little way in the water, will in general agree 
with that adjufted in fleam, when the barometer is —ths 
of an inch higher. 

It muft be obferved, that in all thefe experiments a 
piece of fiat tin plate w r as laid loofely on the mouth of 
the chimney e, fo as to leave no more paffage for the 
fleam than what was fuffixient to prevent the tin plate 
from being lifted up. In trying the thermometers in 
fleam, this is by no means unneceffary ; for, if the cover 
of the pot does not fit pretty clofe, the thermometers will 
immediately fink feveral degrees on removing the tin 
plate; but, when their balls are immerfed in the water, 
the removal of the tin plate has no fenfible effect. 

fleam cannot acquire its full degree of heat; and that when the water boils very 
gently, the air is not eafily mtirely expelled from the pot. That the fleam will 
not acquire its full degree of heat while any air is left in the pot will appear 
from the next paragraph but one* 

Vol. LX VII. S L 
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If this cover to the chimney had been heavy, the in- 
cluded fleam might have been fo much compreffed 
tliereby, that the water and fleam might have acquired a 
considerably greater heat than they ought to have done;, 
but as this plate lay loofe on the chimney, and as its 
weight was not greater than that of a column of quick- 
filver, whofe bafe is equal to that of the mouth of the 
chimney, and whofe altitude is — th of an inch, the excefs 
of the compreflion of the included fleam above that which 
it would fuffer in an open vefiel, could not be greater 
than that which would be caufed by an increafe of ^th 
of an inch in the height of the barometer, which is too. 
fmall to be worth taking notice of ; for, if the excefs of 
compreflion was greater than that, the tin plate muft 
neceffarily be lifted up fo much as to afford a fufficient 
paffage for the fleam to efcape faff enough, though 
urged by no greater force than that. 

Though in the different trials of the fame thermo- 
meter in fleam, on the fame day,, and with the fame 
water, fo little difference was obferved, according to the 
different manner of trying the experiment; yet there 
was a very fenfible difference between the trials made on 
different days, even when reduced to the fame height of 
the barometer, though the obfervations were always 
made either with rain or diftilled water. The difference, 

4 however* 
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however, never amounted to more than a quarter of a 
degree, except in one thermometer, in which there were 
three obfervations out of eighteen which differed more 
than that; one of them differed fo much as 0.65° from 
fome of the reft. In the obfervations made with the ball 
immerfed a little way in the water, there was a greater dif- 
ference between the obfervations of different days, even 
neglecting thofe in which much of the fides of the pot 
were expofed to the fire. In two of the thermometers 
the different obfervations differed about of a degree 
from each other; but in the other thermometer they 
varied dfths. 

We do not at all know what this difference could be 
owing to, efpecially in the obfervations in fleam. It 
could not proceed intirely from fome unknown dif- 
ference in the water; for, if it did, the difference between 
the different thermometers fhould have been always the 
fame, which was not the cafe, though in general, 011 
thofe days in which one thermometer flood high, the 
others did alfo, efpecially in the trials in fleam. More- 
over, as far as can be perceived from our experiments, 
there feems to be very little difference between different 
waters with refpedl to the heat which they acquire in boil- 
ing. We could not be fure that there was any difference be- 
tween rain or dsftilled water and pump water, provided 

q L 2 the 
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the latter had boiled long : neither did any difference feerd. 
to arife from the water containing fuch fubftances as are 
difpofed to part readily with their phlogifton ; for, on 
trying the thermometers in the fleam of diftilled watery 
their height was not fenfibly altered by pouring in a 
fmall quantity of a folution of liver of fulphur, or of 
iron filings imperfectly rufted. The thermometer, how- 
ever, feemed to ftand fenfibly lower in pump water be- 
ginning to boil, than in the fame water long boiled, but 
the difference fcarcely exceeded — th or jth of a degree. 

We made fome experiments to determine the heat of 
water boiling in open veffels. In general, when the 
veffel was almoft full, and the water boiled faft, and the 
ball of the thermometer was held from three-quarters to 
two or three inches under water, and alfo in that part 
of the veffel where the current of water afeended up- 
wards, that is, in the hotteft part of the water, its heat 
was not much different from that of the fleam of water 
boiling in clofed veffels, varying only from a quarter of a 
degree more than that, to as much lefs ; but if the water 
boiled gently, its heat would frequently be half or three- 
quarters of a degree cooler than the fleam. If the ex- 
periment was tried in the deep pot with fuch a quantity 
of water in it that the furface was at leaft 14 or 1 5 inches 
below the top of the pot, fo that though the veffel was 

open s 
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open, yet the water was not much expofed to the air, its 
heat then feemed fcarcely lefs than when boiled in clofed 
veiTels. 

I11 making thefe experiments we chiefly made ufe of 
the two fhort thermometers, in which, as the quantity of 
quickfilver contained in the tube was fmail, the error 
arifing from that part of the quickfilver being not heated 
equally with that in the ball, could be but fmail : for 
example, in the fecond of the fhort thermometers, the 
number of degrees contained in that part of the tube 
between the circular plate Gg and the ball was 1 8°. la- 
the experiments in fleam this part of the tube was heated 
to the fame degree as the ball. Suppofe now, that in 
open veffels it was heated only to 12,2,% or was 90° 
cooler than the ball, it is plain, that the thermometer 

would hand only or yth of a degree lower than it 

did in fleam, provided the heat of the quickfilver in the 
ball was the fame in both cafes. In the other fhort ther- 
mometer, as there were only half as many degrees to an 
inch, the error was only half as great. 

In feveral of the experiments, however, we made ufe 
of the long thermometer; but then it was neceffary to, 
make an allowance on account of the quickfilver in the 
tube being not heated equally with that in the balk. The 

betted 
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better to enable us to do this, we made ufe of a thermo* 
meter tube, filled with quickfilver in the fame manner 
as a thermometer, only without any ball to it, or a ther- 
mometer without a ball, as we may call it. A fmall brafs 
plate was fixed to the tube near the top of the column 
of quickfilver, to fliew the heat as in a common ther- 
mometer. In all our experiments with the long ther- 
mometer in open veflfels, this tube without a ball, was 
placed by its fide ; whence, as the quickfilver in the tube 
of the long thermometer could hardly fail of being 
nearly of the fame heat as that in the tube without a 
ball, we knew pretty nearly the heat of the quickfilver 
in the tube of the former, and confequently how much 
higher it would have flood if the quickfilver in its tube 
jhad been of the fame heat as that in the ball. For exam- 
ple, on October 1 9, the long thermometer tried in an 
open veffel, the water boiling faft, flood i°. 65 low'er than 
it did when tried in fleam the fame day, the quickfilver 
in theptube without a ball Handing at the fame time at 
to 9 0 : we may therefore conclude, that the heat of the 
quickfilver, in that part of the tube of the long thermo- 
meter which was not immerfed in the water, was alfo 
T09 0 ; and ..confequently, as that part of the tube con- 


tained about 1 70% the thermometer flood or 


i°S*. 
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l “,52 lower than it would have done if the quickiilver 
in the tube had been of the fame heat as that in the ball ; 
and, confequently, the quickiilver in the ball of the ther- 
mometer was in reality .07 cooler than when tried in 
fleam. 

We examined the boiling points of feveral thermo- 
meters, made by different artifts, by trying them in fteam 
when the barometer was at 30.1, and finding what di- 
vifion on the fcale the quickiilver flood at. The differ- 
ence of the extremes was 3°^; but, by a mean of all, it 
was found to Hand at 21 3°.!, and confequently would 
have flood at 2 1 2 0 , if the barometer had been at 29.45 
fo that if the boiling point was to be adjufted, either in 
fleam, when the barometer is at 29.4, or with the bail 
immerfed two or three inches in water, when the baro- 
meter is at 29.1, it would agree befl with' the mean of 
the abovementioned thermometers. But as it feems to be 
of no great fignification to make the boiling point agree 
very nearly with the mean of the thermometers- made at 
prefent, when the extremes differ fo widely ; and as we 
apprehend that it will be more convenient to the makers 
that fome height fhould be chofen which differs, lefs 
from the mean, as thereby they will more frequently 
have an opportunity of adjufling. the boiling point with- 
out the trouble and danger of miftakes. which attend the 

making, 
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making’ a correction, vvc recommend, that the boiling 
point fhoukl be adjufted when the barometer is at ay 8, 
if the perfon chafes to do it in fteam ; or when the baro- 
meter is at 29-h if he choofes to do it in clofe veil'cls, 
with the ball immerfed to a fmall depth under the water. 
Our reafon for pitching upon this precife height is, that 
thereby the boiling point will differ from Mr. de lug’s 
boiling point, by a fimple fraction of the degrees of his 
common fcale, namely three-quarters of a degree higher. 

We are informed by Mr. de luc, that the method he 
tiled in adj ufting the boiling point, though he forgot to 
mention it in the Recherches fur les Modifications de VAt- 
mofphere , was to wrap rags round the tube of the ther- 
mometer, and to try it with the ball immerfed in water 
in an open veffel, of the form deferibed in the above- 
mentioned book, while boiling water was poured at dif- 
ferent times on the rags, in order that the quicldilver in 
the tube might be heated, if poffiblc, to the fame degree 
as that in the ball. As well as we can judge from the 
abovementioned experiments in open vdTels, and from, 
the few trials we have made of this method, we are in- 
clined to think, that the boiling point adjufted this way 
will in general differ but little from that adjufted in fteam 
at the fame height of the barometer, -efpecially if the 
-thermometer be- not very long, and do not extend a-great 

way 
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way below the freezing point {f -'\ consequently, as Mr. 
de luc’s boiling point was r.djuficd when the barometer 
was at ay Paris cr 28.75 Englifh inches, it will fraud 
lower than that adjufeed in the manner recommended by 
us, by three-quarters of a degree of bis i bale ; or 8 o y 
on de lug's thermometer, will anfwer to 21 2 0 on Fah- 
renheit’s adjufted in the manner propofed. 

Though the boiling point be placed fo much higher 
on fome of the thermometers now made than on others, 
yet we would not have the reader think that this can 


make any confiderable error in the obfervations of the 
weather, at leaft in this climate ; for an error of i°i in 
the pofition of the boiling point will make an error of 
only half a degree in the pofition of 92 0 , and of not 
more than a quarter of a degree in the point of 62°. It 
is only in nice experiments, or in trying the heat of hot 
liquors, that this error in the boiling point can be of 
much fignification. 


(f) In order to fee how much the quickfiiver in the tube of the thermometer 
would be heated in this method of adjufting the boiling point, we 'took the 
abovementioned tube without a ball, wrapped it round with rags, and poured 
boiling water on it as above deferibed : the heat of the quickfiiver therein was 
found to be about ai° 3 cfs than that of boiling water; and, therefore, the boiling 
point of a thermometer, adjufted in this manner, fuppofing the thermometer to 
be dipped into the water as far as to the point of 32°, fliould ftand about one* 
third of a degree lower than it would do if the quickfiiver in the tube was heated 
equally with that in the ball. 
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There is another circumftance that we have not yet 
taken notice of, which, in ftridtnefs, caufes fome error 
in thermometers, namely, the difference of expanlion of 
the glafs tube and the fcale. But this error is in almoft 
all cafes fo fmall as to be not worth regarding; we have, 
however, in the note below given a rule for computing 
the value of it (s K 

(g) The ufual way of adjuffing thermometers is, to mark the boiling and 
freezing points on the glafs tube, and not to fet off thofe points on the fcale till 
fome time after, when the tube and fcale may both be fnppofed to be nearly of 
the temper of the air in the room; confequently, when the thermometer is 
expo fed to a. greater heat than that* the fcale, if of brafs, will expand more 
than the glafs tube, and the divisions on it will be longer than they ought to be; 
but, if* the fcale be of wood, it will expand lefs than the glafs tube, and the 
diviftons will be too Abort. Let now the heat of the air, when the* divifions 
were fet off on the fcale, be called a; let the degree of heat which the ther- 
mometer flands at in the experiment be called d; and let the degree anfwering. 
to that point of the fcale in which the thermometer is fattened to the fcale be 
called f* Then, if all parts of the thermometer and fcale are heated equally, 
and the fcale is of brafs, the thermometer will appear to ftand lower than it 

ought to do by the — — part of a degree, obferving, that if d— f x d — a, 

ii negative, it will ftand higher than it ought to do; but if the fcale is of wood, 

it will ftand higher than it ought to do by the — . part of a degree. 

If the thermometer be fattened to the fcale by the ball, or any part of the tube 
lower than the obferved heat, the error will be the fame, whether that part of 
the tube and fcale, which is above the obferved degree, be of the fame heat as 
the ball or not : but if the thermometer is fattened to the fcale by the top of the 
tube, ;&s is frequently done, then the error will vanifh whenever that part of 
the tube and fcale, which k above the obferved degree, is not much heated. 
This rule is founded on Mr, smeaton’s experiments,, who found, that white- 
glafs expands T J^th of an inch in a foot by 180 0 of heat j, that brafs wire* 
expands and that wood expands- fcarce fcnfibljr# 

In- 
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In making experiments with thermometers, it evi- 
dently is equally neceffary that the quickfilver in the 
tube fhould be of the fame heat as that in the ball, as it 
is in adjufting the boiling point : for this reafon, in trying 
the heat of liquors much hotter or colder than the air, 
the thermometer ought, if poffible, to be immerfed as 
far as to the top of the column of quicklilver in the tube. 
As this, however, would often be very difficult to exe- 
cute, the obferver will frequently be obliged to content 
himfelf with immerfing it to a much lefs depth. But 
then as the quickfilver, in a great part of the tube, will 
be of a different heat from that in the ball, it will be ne- 
ceffary, where any degree of accuracy is required, to 
make a correction, on that account, to the heat fhewn by 
the thermometer. If the heat of the quickfilver in the 
tube be known, the correction may readily be made by 
help of the annexed table ; the only difficulty lies in efti- 
mating what that heat may be. In all probability the 
heat of the quickfilver in the tube will not be very dif- 
ferent from that of the air which furrounds it w ; but as 

that 

fh) This muft evidently be the cafe, unlcfs the quickfilver in the tube is 
confiderably heated by its contafi with that m the ball. To fee whether this 
was the cafe, feme fand was hdated in a fmall copper difh over a lamp to the 
heat of about 212°, and the abovementioned tube, without a ball, laid hori- 
zontal with the end extending about half an inch over the fand; but, to prevent 
its being heated thereby, a piece of wood, about a quarter of an inch thick, 

5 M 2 was 
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that air w ill l>e aliened by the fleam of the liquor, and- 
the fire by which it is heated, it will commonly be of a 
very different heat from the reft of the air of the room 
in which the experiment is made; but as no great nicety 
is required in eftimating the heat of the quicldilver in 
the tube, infomuch that a miftake of 25 0 therein will 
caufe an error of only half a degree in the correction, 
when the number of degrees in that part of the tube 
which is not immerfed in the liquor is not more than 
220°, it will commonly be not difficult to guefs at 
the heat of the quickfilver in the tube as near as is re- 
quired^. But if the obferver is defirous of more accu- 
racy, _ 

was laid between theTand and it. After it bad remained a fuflicient time in 
this flotation, the divifion which the quickfilver flood at was obfervech The 
piece of wood was then removed, and the end of the tube laid in the land, , 
which was heaped over it fo that about half an inch of 'the column of quick - 
fiiver was intirely furrounded by the hot land, and rauft therefore be heated to 
nearly the fame degree as it. The quickfilver in the tube rofe very little higher , 
than before, and fecmingly not more than might be owing* to the expanfion of 
the half inch of quickfilver which was furrounded by the fand ; fo that it fhould 
feem, that heating one end of the column of quickfilver docs not communicate , 
much heat to the reft of the columns and confcquently, that, when the ball of 
a thermometer is immerfed in hot liquor, the quickfilver in the tube will not be 
much hotter than the furroandinff air. 

o 

(i) The better to enable the reader to guefs at the heat of the quickfilver in 
the tube. In cafes of this kind, we tried how much the quickfilver in the above- 
mentioned tube, without a ball,, would be heated when held over a vefFel of 
boiling water. It Is true, that thefe experiments cannot he of any great fervice 
towards this purpofe, as the tubes will be very differently heated, according to 

the 
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racy, he may find the heat of the furrounding air by- 
holding the ball of a fmall thermometer near the tube 

of 


the degree of heat of the fluid, and the quantity of fleam which it fuinifhes,. 
and according to the nature of the fire by which it is heated; yet as the 
experiments may perhaps ferve in fome mealure to refiify our ideas on this head, 
we will give the re fait. When the above mentioned tube without a ball the 
length of the column of quickfilver in which was 15 inches, was held perpen- 
dicularly over the veffei of boiling water, with its bottom even with the furface*’ 
of the water, the heat of the quickfilver was in all the trials we made from 68 
to aS a hotter than the air of the room. If the tube was held inclined to the 
horizon, in an angle of about 30°, with the bottom of the column of quick-' 
fitvsr reaching not more than three quarters of an inch within the circumference 
of the pot, fothat the column of quickfilver was as little heated by the fleam as 
could eafily be done, it was from 30 to y° hotter than the air. When a fhorten 
tube of the fame kind, in which the column of quickfilver was feven inches, 
was ufed, the quickfilver was from 6a to 44° hotter than the air, when held 
perpendicularly, and from 49 to 36° hotter when held inclined. The water in 
thefe trials frequently boiled pretty fair, but never very violently. It was in 
general heated over a portable black lead furnace placed in the middle of the room ; 
but it was once heated over an ordinary chafing-dilh, when the quickfilver ini' 
the long tube, held perpendicularly, was found to be 64° hotter than the air,. 
When the experiments were tried without doors, the heat of the quickfilver in. 
the tube would vary very much, according as the wind blew the fleam and hot 
air from or towards the tube, but it fometimes rofe as high as it did within . 
doors. 

The moll convenient method we know of making thefe tubes without a ball is, 
to fill a thermometer in the ufuai manner, and heat the ball till there is a proper; 
quantity of quickfilver in the tube, and then to make the column of quickfilver 
feparate at the neck of the ball, and run to the extremity of the tube, fo as to 
leave a vacuum between the ball and the column of quickfilver, as is expreiled * 
in fig* 2* where the fhadetl part ad reprefents the column of quickfilver, &nd - 
ma that part in which there is a vacuum. The tube mufl then be fealecl fome- 


* See p, 830. 1 * 1, 
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of the thermometer with which he tries the heat of the 
liquor; or, what will be much better, he may have a 
tube without a ball,fucli as is above deferibed, fattened to 
the frame of the thermometer, on one fide of the tube; 
or if he has two fuch tubes, of different lengths, it will 
be ftill more accurate. 

To avoid the inconvenience of this correction, per- 
haps it may be thought, that both in adjufting the boiling 
point and in trying the heat of liquors, it would be better 
that not much more than the ball cf the thermometer 
fhould be immerfed, and that the tube fhould be held in- 
clined in fuch manner as to be heated as little as poffible ; 
as it may be faicl, that by this means you will find the heat 
of liquors pretty nearly, without the trouble of making 
any correction ; and that, though in ftriCtnefs a correction 
would be required in obferving the heat of the air with 

where between b and a as at E, and cut off there; after which it muff be held 
with the end b upwards, fo as to make the column of quickfilver run to the 
extremity e: by this method of filling it is plain, that no fenfible quantity of 
air can be left between e and the column of quickfilver; but yet the quickfilver 
will be apt not to run fuffieicntly clofe to the extremity e, as the weight of the 
-column will be fcarcely fufficient to force it into the narrow fpace which will 
commonly be left in fealing the tube, efpecialiy when held nearly horizontal ; 
for this rcafon it will be proper to open the tube at b, fo as to let in the air, 
aiid then feal it again* It muffc be obfervecl, that the fpace left between x> and 
the column of quickfilver ought not to be lefs than the tenth part of the length. 
»cf the column of quickfilver, as otherwife the included air might be too much 
^omprejffsd by the expanfion of the quickfilver when much heated. 


fuch 
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fuch thermometers, yet the heat of the atmofphere never 
differs fo much from the mean heat, as to make that cor- 
rection of much confequence^. But, on the other hand, 
this method of making and ufing thermometers is much 
lefs exaCt than the former, and therefore is unfit for nice 
experiments ; and, befides, a correction would be as ne- 
ceffary with this kind of thermometer in trying the heat 
of air,, artificially heated, or in finding the heat of large 
quantities of hot liquors, in which it would be difficult 
to prevent the quickfilver in the tube from being heated 

(k) The degrees on all thermometers are intended to anfwer to equal por- 
tions of the folid contents of the. tube; and, consequently* if the quickfilver in 
the tube is kept conftantly of the fame heat as that in the ball, the degrees will 
anfwer to equal increments of bulk of the whole quantity of quickfilver in the 
thermometer, that is of a given weight of quickfilver. But if only the quick- 
filver in the ball is heated,, and that in the tube is kept always of the fame heat, 
the degrees will anfwer to equal increments of a given bulk of quickfilver; fa 
that the fcale of the thermometers will be really different in thefe two methods 
of proceeding, and in high degrees the difference will be very confiderable : for 
example, let two thermometers be made, and in the firft of them let care be 
taken, both in adjuffing the fixed points and in trying the heat of liquors, that 
die quickfilver in the tube fhall be of the fame heat as that in the ball; and in 
adjuffing the fixed points of the fecond, and in trying the heat of liquors with* 
it, let care be taken that the quickfilver in die tube fhall remain always of the 
fame invariable heat, and let the freezing and boiling paints be marked 32 and 
212 on both of them: then will the degree of 620 on. the firft anfwer to that of 
600 on the fecond; that of 406 to 400; that of 302 to 300; and that of 
s 19,7 to 120; that is, a liquor which appears to be of 620° of heat by the firft 
will appear to be of 600 by the fecond, &c. it appears from hence, that it would- 
be improper to employ the latter method of adjuffing and ufing thermometers- 
fox ordinary purpofes, and the former for nice experiments* 
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e fleam, as it is in finding the heat of liquors with 
ther thermometer, whenever the ball is not im- 
xl to a fuflicient depth; fo that, on the whole, the 


former method of making and uling thermometers 
leans lmicli the belt. 

A much better way of avoiding the trouble of making 
a correction ■would be to have two lets of divilions made 
to fitch thermometers as are intended for trying the heat 
of liquors ; one of which fliould be ufed when the tube 
is immerfed almoft to the top of the column of quiqk- 
filvcr ; and the other, when not much more than the ball 
is immerfed, in which laft cafe the obferver fliould be 
careful that the tube fliould be as little heated by the 
fleam of the liquor as conveniently can be. It is difficult 
to give rules for conflrudling this fecond fet of divifions, 
as the heat of the quickfilver ill the tube will be very 
different according to the temper of the air in the room, 
the quantity and nature of the fluid wliofe heat is to be 
tried, the manner in which it is heated, and the other 
circumftances of the experiment; but, on the whole, we 
think that, given in the following table, would be as pro- 
per as any. 
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To make ufe of this table, leek in the uppermoit ho*- 
rizontal line the degree of the thermometer anfwering to 1 
that point of the tube which is two inches above the 
ball; and in the left-hand column leek the degrees of 
the fecond fet of divilions ; the correfponding numbers 
in the table are the correfponding degrees of the firft fet, 
or the degrees which they muft be fet oppolite to. The 
right-hand perpendicular column fhews the heat which 
the quicklilver in the tube was fuppofed to be of in 
forming this table. 

Though this fecond fet of divilions be far from accu- 
rate, yet it is at leaft as much fo as a thermometer ad- 
jufted in the latter method can be ; fo that this double fet 
of divilions poffeiies all the advantages which can be ex- 
pected from that method of adjufting thermometers*, 
without the inconveniences. 


A table 
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A table for correcting the obferved height of a thermo- 
meter, whenever the quicklilver in the tube is- not of 
the fame heat as that in the ball. 


7 

3 

6 

9 

i 

1 

2 
2 
2 
2 
3 

_3 

To make ufe of this table, in the left-hand perpen- 
dicular column look for the number of degrees con- 
tained in that part of the tube which is not immerfed in 
the fluid whofe heat is to be tried, and in the upper ho- , 
rizontal line feek the fuppofed difference of heat of the 
quicklilver in that part of the tube from that in the ball; 
the correfponding number in the table is the correction, 
which mult be added to the obferved heat when the 

5 N a ■ quick- 


Diff. 

of 


Degrees not immerfed in the liquors. 


Heat 

5 ° 

100 

I 5 C 

200 

250 

00 

O 

O 

350 

400 

45 ° 



5 °° 

55 ° 

6co 

650 

700 

50 

*2 

*4 

•7 

•9 

1. 1 

I *3 

*•5 

i *7 

2. j 

2*2 

2-4 

2.6 

2.8 

3 *i 

100 

.4 

*9 

i -3 

1*8 

2*2 

2*6 

3 *° 

3*5 

3*9 

4*4 

4*3 

5*2 

5*7 

6*1 

* 5 ° 

.7 

*•3 

2*0 

2,6 

3*3 

3.8 

4.6 

5*2 

5*9 

6 -S 

7*2 

7-9 

8.4 

9.2 

200 

*9 

x.8 

2.6 

3*5 

4.4 

5 * 1 

6.1 

7.0 

7.8 

8.7 

9.6 

10 

12 

12 

250 

£•2 

2.2 

3-3 

4.4 

5-5 

6.4 

7.6 

8.7 

98 

ii 

12 

J 3 

14 

15 

300 

x *3 

2.6 

3.8 

! 

6.4 

7*7 

9.1 

ID 

12 

13 

3 4 

16 

w 

18 

350 

x *5 

3-0 

4.6 

6.i 

7.6 

9.1 

1 r 

12 

r 4 

x 5 

1 

17 ; 

18 

20 

21 

400 

1.7 

3-5 

5-2 

7.0 

8.7 

10 

12 1 

1 

14 < 

16 

l l 

J 9 

21 

2 3 

24 

45 ° 

2, 

3-9 

S-9 

7.8 

9.8 

12 

1 *4 

} 

16 

18 

20 

22 

24 

25 

27 

Oi 

O 

O 

2,2 

4.4 

j 6.5 

8.7 

II 

13 

| *5 

x 7 

20 

22 

24 

26 

28 

3 1 

1 S5 C 

2,4 

1 4-8 

i 7-2 

9.6 

12 

H 

1 17 

19 

22 

24 

26 

29 

3i 

34 
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quickfilver in the tube is cooler than that in the ball, and 
Subtracted when it is warmer : for example, let the ob- 
fervcd heat of the fluid be 47 5 0 , let the thermometer be 
immerfed in the fluid as far as to the degree of a 5 0 , or 
to that part of the tube which fhould be marked 25 0 if 
the divifions were continued long enough; then is the 
number of degrees in that part of the tube which is not 
immerfed in the fluid 450 ; and let the heat of the quick- 
filver in that part of the tube be fuppofed ioo°; and 
confequcntly, the difference of heat of the quickfilver in 

that part of the tube from that in the ball 375 ; then ill 
\ 

the left-hand perpendicular column feek the number ' 
450, and in the upper horizontal 'line the number 375 ; 
the correfponding number in the table, or the corre£tion 3 
is 1 5 0 , and therefore the true heat of the fluid is 49 0 0 .. 

This correction may be had very eafily without the 
help of the table, only by multiplying the number of 
degrees not immerfed in the fluid by the fuppofed dif- 
ference of heat, dividing the product by 10000, and 
diminifliing the quotient by one-eighth part of the 
whole. 

In the following pages we have thrown together the 
practical rules, which we would recommend to be ob- 
served in adjufting the fixed points of thermometers. 

4 - Rules 
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Rule: to be objerved in adjufling the boiling point. 

The moft accurate way of adj ufting the boiling point 
is, not to dip the thermometer into the water, but to ex- 
pofe it only to the fleam, in a vefTel clofed up in the 
manner reprefented in fig. 4. where ab ba is the vefTel 
containing the boiling water, d d the cover, e a chimney 
made in the cover intended to carry off the fleam, and 
?.i m the thermometer palled through a hole in the cover. 
Thole who would make ufe of this method mull take 
care to attend to the following particulars. 

ill, The boling point muff be adjufted when the ba- 
rometer is at 29,8 inches-; unlefs the operator is willing 
to correct the obferved point in the manner directed 
below. 

adly, The ball of the thermometer muff be placed at 
fuch a depth within the pot, that the boiling point fhall 
rife very little above the cover; for ofherwife part of the 
quickfilver in the tube will not be heated, and therefore 
the thermometer will not rife to its proper height. The 
furface of the water in the pot alfo fliould be at leafl one 
or two inches below the bottom, of the ball; as otherwife 
the water, when boiling fail, might be apt to touch the 
ball: but it does not fignify how much. lower than that 
•the furface of the water may be. 
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3<ily, Care mult be taken to flop up the hole in the 
cover through which the tube is inferted, and to make 
the cover fit pretty clofe, fo that no air fliall enter into 
the pot that way, and that not much fleam may efcape. 
A piece of thin flat tin plate muft alfo be laid on the 
mouth of the chimney, fo as to leave no more paffage 
than what is fufficient to carry off the fleam. The fize 
of this plate fhould be not much more than fufficient to 
cover the chimney, that its weight may not be too great ; 
.and the mouth of the chimney fhould be made flat, that 
the plate may cover it more completely. It muft be ob- 
ferved, that when the tin plate is laid on the mouth of 
the chimney, it will commonly be lifted up by the force 
of the fleam, and will rattle till it has flipped afide fuffi- 
ciently to let the fleam efcape without lifting it up. In 
this cafe it is not neceffary to put the plate back again, 
unlefs by accident it has flipped afide more than ufual. 
If the artift pleafes, he may tie each corner of this plate 
by a firing to prongs fixed to the chimney, and Handing- 
on a level with the plate, as thereby it will neceffarily be 
kept always in its place (!) ; but we would by no means 
recommend having it made with a hinge, as that might 

0) Fig. 3 . is a perfpeflive view of the chimney and tin plate; abcd is the 
plate; E the chimney; f/ ? Gg y Mm, and n n, the prongs faftened to the chim- 
ney, to which the four comers of the plate are to be tied by the firings af 3 bg ? 
cm, and bn; the ends f* g, m, and n 3 of the prongs muft be on a level with 
4the plate^ and the firings fliould not be firetched tight* 

5 


be 
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be apt to make it flick, in which cafe the included va- 
pour might be fo much compreffed as to caufe an errors 
We would alfo by no means advife lining the tin plate 
with leather, or any other foft Jubilance, for the fake of 
making it fhut clofer, as that alfo might be apt to make 
it flick.- The chimney alfo ought not to be made lefs 
than half a fquare inch in area: for though a fmaller 
chimney would be fufficient to carry off the fleam, un- 
lefs the veffel is much larger than tvhat we ufed ; yet the 
adheiion which is apt to take place between it and the 
tin plate when wet, might perhaps bear too great a pro- 
portion to the power which the included ileam has to lift 
it off,, if it was made much lefs. It is convenient that 
the chimney be not lefs than two or three inches 
long, as thereby the obferver will be lefs incommoded 
by the fleam ; but it would be improper to make it much 
longer, for the longer the chimney is, the greater difpo- 
fition has the air to enter into the pot between it and the 
cover. 

It is moft convenient not to make the cover fit on' 
tight, but to take on and off eafily ; and to wrap fome 
fpun cotton round that part of the cover which enters 
into the pot, in order to make it fhut clofer; or, what 
feems to anfwer rather better, a ring of woollen cloth, 
maybe placed under the cover, fo as to lie between the top 

o€ 
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of the pot and it. Thefe methods of making the cover 
•flu.it clofc can be ufed more conveniently when the cover 
is made to enter within the pot, as in the figure, than 
when it goes on on the outfide. 

There are various eafy ways by which the hole in the 
cover, through which the tube of the thermometer is 
palTed, may be flopped up, and by which the thermome- 
ter may be fufpended at the proper height. The hole in 
the cover may be flopped up by a cork, which muft firft 
have a hole bored through it, big enough to receive the 
tube, and be then cut into two, parallel to the length of the- 
hole. Another method, more convenient, in ufe, but not 
f 0 eafily made, is represented in fig. 6. which exhibits a 
perfpedtive view of the apparatus ; a a is the cover; h the 
hole through which the thermometer is pafled; sb a flat 
piece of brafs fixed upon the cover; and vdEe a Hiding- 
piece of brafs, made fo as either to cover the hole h, or 
to leave it uncovered as in the figure, and to he tightened 
in either pofition by the fcrew s Aiding in the flit mm; 

■ a femi-circular notch being made in the edge b£, and alfo 
in the edge d d, to iuclofe the tube of the thermometer: 
pieces of woollen cloth fhould alfo be fattened to the 
edges b b and d d, and alfo to the bottom of the Hiding 
piece vdze, unlefs that piece and the cover are made Suf- 
ficiently flat, to prevent the efcape of the fleam. In 
. - order 
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order to keep the thermometer fufpended at the proper 
height, a clip may be ufed like that reprefeatecl in fig, 7, 
which by the fcrew s ranfc be made to embrace the tube 
tightly, and may reft on the cover. That part of th? 
clip which is intended to bear againft the tube, had beft 
be lined with woollen cloth, which will make it fuck 
tighter to the tube, and with lefs danger of breaking it. 
Another method, which is rather more convenient, when 
the top of the tube of the thermometer is bent into a 
right angle, in the manner frequently praddfed at prefent 
for the fake of more conveniently fixing it to the icale, is 
reprefented in the fame figure ; GgFf is a plate of brafs, 
Handing perpendicularly on the cover, and l/n n a piece 
of brafs, bent at bottom into the form of a loop, with a 
notch in it, fo as to receive the tube of the thermometer, 
and to fuffer the bent part to reft on the bottom of the 
loop; this piece mufl flide in a flit k£, cut in the plate 
l/n#, and be tightened at any height by the fcrew t. 

4thly, It is beft making the water boil pretty brifk.lv, as 
otherwife the thermometer is apt to be a great while be- 
fore it acquires its full heat, efpecially if the veffel is very 
deep. The oblerver too fhoulcl wait at leaft one or two 
minutes after the thermometer appears to be ftationary, 
before he concludes that it has acquired its full height. 
Yol. LXVII, 5 O sthly, 
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5 thly, Though, as was faid before, this appears to be 
the moft accurate way of adjufting the boiling point; yet, 
if the operator was to fuffer the air to have any accefs to 
the infi.de of the vefiel, he would be liable to a very great 
error : for this reafon we ftrongly recommend it to all thofe 
who ufe this method, not to deviate at all from the rules 
laid down without alluring themfelves, by repeated trials 
with a pretty fenfible thermometer, that fuch alteration 
may be ufed with fafety. But the covering the chimney 
with the tin plate ought by no means to be omitted ; for 
though, if the cover of the pot fits clofe, it feldom figni- 
fies whether the plate is laid on or not, yet, if by acci- 
dent the cover was not to fit clofe, the omitting the tin 
plate would make a very great error. Making the chim- 
ney very narrow would not anfwer the end properly ; 
for, if it was made fo fmall as to make the vefiel fuffici- 
ently clofe when the water boiled gently, it would not 
leave fufficient paflage for the efcape of the fleam when 
the water boiled fail. 

Another way of adjufting the boiling point is, to try 
it in a vefiel of the fame kind as the former, only with 
the water riling a little way, namely from one to three 
or four inches above the ball, taking care that the boil- 
ing point fhall rife very little above the cover, as in the 
former method. In this method there is no need to cover 

the 
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tlie chimney with, the tin plate ; and there is lefs need to 
make the cover fit clofe, only it muft be obferved, that 
the clofer the cover fits, the lefs the operator will be in- 
commoded by the fleam. The height of the barometer 
at which the boiling point fhould be adj ufled, when this 
method is ufed, is 29^ inches, or three-tenths of an inch, 
lefs than when the former method is ufed. 

It will be convenient to have two or three pots of dif- 
ferent depths ; for if a fliort thermometer is to be ad- 
jo fled in the fame pot which is ufed for a long one, it 
will require a great depth of water, which, befides taking 
up more time before it boils, makes the obfervation 
rather lefs accurate, as the heat feems to be lefs regular 
when the depth of water in the pot is very great, than 
when it is lefs. 

Perhaps fome perfons, for the fake of heating the 
water more expeditioufly, may be inclined to ufe an ap- 
• paratus of fuch kind that the fire fliall he applied to a 
confiderable part of the fides of the pot as well as to the 
bottom ; we would, however, caution them againft any 
thing of that kind, as the obfervations are confiderably 
lefs regular than when little more than the bottom of 
the pot is heated. If the pot is heated over a chafing-difli 
or common fire, vie apprehend that there can feldom 
be any danger of too much of the fides being heated; 

5 O 2 but 
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but if the operator fliould he apprehenfive that there 
is, it is eafily prevented by fattening an iron ring an 
inch or two broad round the pot near the bottom. This 
precaution is equally neceffary when the thermometer is 
adj uftcd in fteam, efpecially when there is not much 
water in the pot. 

The greateft inconvenience of this method of adjuft- 
ing the boiling point is the trouble of keeping a proper 
depth of water in the pot, as to do this it is neceffary firft 
to find the height of the boiling point coarfely by try- 
ing it in an open veffel, and then to put fuch a quantity 
of water into the pot that it fhall rife from one to three 
or four inches above the ball, when the thermometer is 
placed at fuch a depth within the pot that the boiling- 
point fhall rife very little above the cover. The operator 
mid be very careful that the quantity of water in the 
pot be not fo fmall as not intirely to cover the ball. 

A third way of adjufting the boiling point is, to wrap 
feveral folds of linen rags or flannel round the tube of 
the thermometer, and to try it in an open veffel, taking 
care to pour boiling water on the rags, in order to keep 
the quickfilver in the tube as nearly of the heat of boiling 
water as poffible. The beft way is to pour boiling water 
on the rags three or four times, waiting a few feconds be- 
tween each time, and to wait feme feconds after the laft 
*2 time 
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time of pouring on water before the boiling point is 
marked, in order that the water may recover its full 
fcrength of boiling, which is in good meafure checked 
by pouring on the boiling water. 

In this method the boiling point fhould be adjufted 
when the barometer is at 29.8 inches, that is, the fame 
as w T hen the firft method is .ufed ; the water fhould boil 
faff, and the thermometer fhould be held upright, with 
its ball two or three inches under water, and in that part 
of the VelTel where the current of water afcends^. 

Whichever of thefe methods of adjufting the boiling 
point is ufed, it is not neceffary to wait till the barometer 
is at the proper height, provided the operator will take 
care to correct the obferved height according to the fol- 
lowing table. 

(m J In a veffel of boiling water one may almoft always perceive t be current 
of water to afeejid on one fide of the vefiH ; and to defeend on the other* 
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To make life of this table, feek the height which the 
barometer is found to hand at in the left-hand column, 
if the boiling point is adjuftcd cither in the firft or third 
method, and in the fccond column if it is adjufted in the 
lecond method; the correfponding number in the third 
column fhews how much the point of 2 £ a°muftbe placed 
above or below the obferved point, cxprefled in thou- 
fandth parts of the interval between the boiling and 
freezing point : for example, fuppofe the boiling point 


JS 
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is adjufled in fleam when the barometer is at 29 inches, 
and that the interval between the boiling: and freezing: 
points is 1 1 inches ; the neareft number to 29 in the 
left-hand column is 29.03, and the correfponding num- 
ber in the table is 7 higher, and therefore the mark of 
212 0 mult be placed higher than the obferved point by 

Y333 of the interval between boiling and freezing, that is, 

h y 7^7 > or -°77 °f an inch. 

This method of correcting the boiling point is not 
ftridlly juft, unlefs the tube is of an equal bore in all its 
parts ; but the tube is very feldom fo much unequal as to 
caufe any fenfible error, where the whole correction 
is fo fmall. The trouble of making the correction will 
be abridged by making a diagonal fcale fuch as is repre- 
fented in fig. 5 . 

It is not very material what kind of water is ufed for 
adj Lifting the boiling point, fo that it is not at all fait; 
only, if any kind of hard water is ufed, it is better that it 
fliould be kept boiling for at leaft ten minutes before it 
is ufed. But we would advife all thofe deli reus of ad- 
jufling thermometers in the mofl accurate manner for 
nice experiments, to employ rain or diitiiled water, and 
to perform the operation in the fir ft mentioned manner, 
that is, in fleam. 
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On the freezing point. 

In adj lifting the freezing as well as the boiling point, 
the quicklilver in the tube ought to be kept of the fame 
heat as that in the ball. In the generality of thermome- 
ters, indeed, the diftance of the freezing point from the 
ball is fo final 1, that the greater! error which can arife 
from neglecting this precaution is not very conliderable, 
unlefs the weather is warmer than ufual; but as the 
freezing point is frequently placed at a conliderable dif- 
tance from the ball, the operator fhould always be care-' 
ful either to pile the pounded ice to fuch a height above 
the ball, that the error, which can arife from the quick- 
ill ver in the remaining part of the tube not being heated 
equally with that in the ball, fhall be very fmall ; or he 
muffc correCt the obferved point, upon that account, ac- 
cording to the following table : 


Heat of the air. 

Corrediion. 

42, 0 

.00087 

S' 1 

.00174 

62 

.00261 

72 

.00348 

82 

.00435 
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The firft column of this table is the heat of the air, 
and the fecond is the correction exprelied in 1 oooth 
parts of the diftance between the freezing point and the 
furface of the ice: for example, if the freezing point 
Hands feven inches above the furface of the ice, and the 
heat of the room is 6 2, the point of 32 0 ihould be placed 
7 x .00261, or .01 8 of an inch lower than the obferved 
point. This correction alfo would be made more eafy by 
the help of a diagonal fcale, fimilar to that propofed for 
the boiling point. 

On the precautions necejfary to he obferved in making oh- 
[ervations with thermometers . 

In trying the heat of liquors care Ihould be taken 
that the quicklilver in the tube of the thermometer 
be heated to the fame degree as that in the ball ; or, if 
this cannot be done conveniently, the obferved heat 
ihould be corrected on that account : but for this we 
refer to the former part, p. 835. 
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iium Pend din us, defcriptus, 4° 
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Experiments and obfervation* on dlHerent 
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Botanical Prints, N° XV. 
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True principles of Gunnery explained. 
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Meteorological Diary kept at York 

Fort, 

Hudfoifs Bay, 

foL 

State of the prifons in England and Wales, x° 

Pieces on Sculpture, and on die Statues of 

Peter the Great, 

4° 

An Account of a Voyage round the World 

in 1772, 3 & 4, 2 vol. 

4 # 

Nautical Almanack for 1780, 
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Meteorological Diary, 
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8° 
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8° 
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8° 
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INDEX 

TO THE 

SIXTY-SEVENTH VOLUME 

OF THE 

PHILOSOPHICAL TRANSACTIONS. 

A. 

' jfBSGE SS 9 zn account of a hard fubftance extracted from one, an a woman’s groin, 
p. 461— 463* The fuMance caufed by a peg of wood which {he had fwallovved 
lixteen years before, p. 462, n, 

Adbar 9 the emperor® faid to have built an obfervatory at Benares, p. 6c-<. An account 
of it, p. 598 — 607, 

Adriatic* an account ofits tides, p. 143—161. 

JBthcr , degree of cold produced by its evaporation under the receiver of an air-pump 
whilft exhauRing, p. 646 — 648. 

Africa , an account of a journey into Africa from the Cape of Good-Hope, and a de- 
fcription of a new fpscies of cuckow, p. 38. Journey undertaken in Auguft 1775, 
ibid* Seafon fo exceeding dry that the inhabitants quitted their country- feats, p. 39, 
Cattle perifhed for want of grafs and water, ibid. Vegetables of all kinds burnt up® 
ibid. Animals met with and hunted on the journey, p. 39, 40. See Spaceman^ Cnchw* 

Air 7 in what manner it may be affedfced by rain, p. 244* An adtive folvent of water, 
in proportion to its drynefs, p* 245. 257. Water may exiR in air In three Rates, 
p, 2^7. Remarks on thefe different Rates of water exiRing in air, p.257 — 259. 
Concerning air in mines, p, 412, A comparative view of the temperature of the air 
at Liverpool during the years 1772, 1773, 1774? and 1775, p, 247 — 250. Relative 
weight of air and water, p. 560. Expanlions of common air do not keep pace with the 
3 dilatations 
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dilatations ofqulckfilver, p. 693. Elaflic force of mo ill air fuperior to that of dry, 
p. 705. 712 — 714. Concerning the eLltick foice of air, p, 748, 749. 733, ^ Aa 
expei iment to determine hydroftaticaliy the fpecific gravities of air and quickfilver 
with a given temperature and preiiuro, and remarks thereon, p. 557 —5 70, Exne- 
1 intents on the expanlion of air in the manometer, p. 689 — 696. Therm ©metrical 
fpaces compared with thofe of the manometer, p. 697. Experiments for determining 
the a dual expan fi on of common air in the manometer aflbded by the heat of 21 z\ 
P- 698—715. 

Air-pump, an account of fome experiments made with one, on Mr. Smeaton’s principle; 
together with fome experiments with a common air-pump, p. 614. Defcription of 
Mr. Smeaton’s pear-gage, p.614 — 616. Air in the pump expanded 4000 times* 
p. 617. Enquiry from whence this great fuperiority of expanfion could pro- 
ceed, p.617. Difagreement between the pear-gage and the other gages, p,6i8 # 
622, Difagrcemct accounted for, p. 622—644. Experiment in which the apparatus; 
was made as free from moillure as poffible, p. 624. Near agreement between the 
pear-gage and the barometer, p. 6 2$. To difeover whether a vapour from moillure 
might not be contained in the fubltances ufed, p. 625 — 627. Elaltic vapours arofe 
from the leather and box-wood ufed, and influenced the barometer-gages, p. 6 ij m 
Pear-gage not affe&cd by the vapour, ibid. Experiments on leather, alium, oil, and 
tallow, to find from which the vapour chiefly aiofe, p. 628. Arofe principally from 
the leather, ibid. To determine that the moillure in the leather gave the vapour^ 
p. 629, 630. The efled of vapour ariflng from fmall quantities of fluids, and from 
fome fubltances, p. 630, 631. Wet leather, ufed to conned the receiver and plate, 
prevents the pump from exhaufling to any confiderable degree, p. 6 32. Different 
degrees of heat ailed exhauftion, p. 633, Comparative excellency between the pump 
on Mr. Smeaton’s principle, and a common one, p. 633, 634. The effed of water 
ufed in the barrels of pumps to make the pi lions move air tight in them, p. 634, 
635. Remarks concerning Mr. Snaeaton’s pump not exhaufling to as great a de- 
gree as the pump here ufed, p. 635 — 637. Further experiments made with the fame 
air-pump, the refult of which were different from the former, p. 637— -646* Degree 
of cold produced by the evaporation of aether under a receiver whiltt exhaufling, 
646 — 648. 

Alps . An account of Mont Salevc, p. 3x5, 0. $27. An account of the Mole, 
P* S 33 — 539 * Barometrical obfervations to afeertain the heights of the 'Alps, 
p. 513, &c. 

Jke Sigetz, a mine in the Hartz, its height determined by barometrical obfervations, 
p. 421, 422. 441 — 443. 

Altitudes determined by the barometer, 31 3—332. 330— 546# 349, 550, 332 — 334. 
592— 397. Rule for meafuring fuch heights, p. 683* 687. 734, 735. 757, 758* 
762, 763, m The role which anfwers in middle latitudes will not in the frrgid and 

torrid 



[ 8«S 3 

torrid zones, p. 74^—756. Remarks on the error of the rule in the talks of com* 
putation, and a method of bringing the theory of the barometer to greater perfection! 
p. 759 — 770. Precepts and tables for making the calculations, p. 571 — p ; s. 

Computations of baiomctiical obfcivations made on various heights, p. 773 — 707. 
Ancmonies. See Sea anemonks . 

Angles An account of a new infirument for meafaring fm all angles, called the prifmatic 
micrometer, p* 799, See Micrometer* 

Antelopes, an animal of that fort, frequently hunted in Africa, p.^o 
Apparatus . Defcripiion of one for further illuilrating the Pranklinian theory of the 
Leyden bottle, p. 99, 100. A fimple eleCirical apparatus, by which a] moil eveiy 
article may be examined with the utmoii facility, p. 1x8. Obfeivations and pre- 
cautions in the ufe of it, p. 119, 120, The electricity of various fubiiances dis- 
covered with it, p. x a 2 — 126. Remark on the rubbers ufed, p. 127 — 129. Appa- 
ratus for determining the annual evaporation, in Liverpool, p. 2 43;, 246. 

Apples. Method of raifing pine-apples in water, p, 649 — 652. 

Arabic . A tranflation of a pailage in Ebn Y ounes ; with fome renxaiks thereon, p.25 t. 
See Ebn Tounes. 

Arcs . Computations of the lengths of circular arcs by means of infinite feriefes, derived 
from their tangents, p. 194 — 199. Computations of an arch of thirty degrees, 
p. 199— 2c 3. Computation of an arch of forty-five degrees, p. 203 — *215'. Com- 
putation of the ferles which exprefies the time of the defeent of a pendulum through 
the arch of a circle, p. 215—250. 

Arikhs (mathematical) leading to a clear and fatisfa&ory confideration of the motion 
of the earth’s axis, p. 267 — 2S8. How the joint centrifugal force of the particles of a 
fpheroid or cylinder, having a rotatory motion about any momentary axis, is com- 
puted, p. 289 — 295. 

AJirommy, the ancient Bramins had a knowledge of it, p. 598. 601 — 606. 

Atmofphere , obfervations on its electricity, p. 50. A quantity of electricity in the at- 
mofphere at all times, ibid. The eleCliicity of the atmofphere, and of fogs of the 
fame kind, ibid. Evaporation confidered as a tell of the moiilure or drynefs of the 
atmofphere, p. 244, See Evaporation. Atmofphere of Peru conftantly obfeured 
with vapoius during part of the year, and the whole country involved in thick fogs, 
p. 257, 258, Depth of rain not a true index of the moiilure or drynefs of the atmof- 
phere, p, 250 — 252. Why much rain gives no more moifiure to it than a little, 
p. 251. Atmofphere amazingly clear in the Eak Indies, p. 604. 

Atmofpherkal ehflrometer, deferiptiorx and ufe of one, p. 4$, 49. 

A ubert, (Alexander , Efq;) his at reflation concerning Dr. Mafeelyne’s invention of the 
prifmatic micrometer, p. 8 1 5* 

Axis , the earth’s, mathematical articles leading to a clear and fatxsfa&ory confideration 
of its motion, p. 267—288* How the joint centrifugal force of the particles of a 
Vol. LXYIL £ fpheroid 
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fpheroid or cylinder, having a rotatory motion about any momentary axis, is com' 
pitted, p.289 — 295. 

B. 

Barker (Sir Robe,;) his account of the Bramins’ obfervatory at Senates, p. 598. See 
Bramins' ObJervatorj. 

Barker (nomas, Efq;) an ertraft of his regifter of the barometer, thermometer, and 
rain, at Lyndon, in Rutland, for the year 1776, p. 350. See Lyndon. 

Barometer. Experiments and obfervations made in Britain, in order to obtain a rule 
for meafuring heights with a barometer, p. 653. Mr.De Luc the moll fuccefsful in 
xneafuring vertical heights with the barometer, p. 63 4,655. Rule deduced from 
his obfervations on Saleve, p. 655, 656. Expanfion of quickfilverin the tubes of his 
barometers refuldng from the Saleve obfervations, p. 636-65 8. Defcripdon of the 
barometer with which Col. Roy’s experiments were made, p. 658, 659. Experi- 
ments on the expanfion of quickfilver, p. 659—681. Rate of expanfion of a column 
of quickfilver in the tube of a barometer, p. 682. Confiruftion and application 
of a table of equation for the expanfion of quickfilver in the tubes of barometers, 
p 683—686. The equation to be applied to the obferved height of quickfilverin 
the barometer, from 15 to 31 inches; and for differences of temperature extending 
to 102 0 of Fahrenheit; whereby the column is reduced to the height it would have 
flood at in the temperature of 32% p. 687. Experiments on the expanfion of air in 
the manometer, p. 689—696. Thermometrical fpaces compared with thofe of the 
manometer, p. 697. Experiments for determining the aftual expanfion of common 
air in the manometer aftefled by the heat of 2 12°, p.698 715. An account of 

barometrical obfervations made in Britain, wherein they are compared with fome 
others of the fame kind made in diftant countries, p. 7 * 5 — 749 - Principles on 
which the table of equation for the heat of air was conflrufted, p. 749 759. Re- 

marks on the error of the rule in the tables of computation, and a method of bringing 

the theory of the barometer to greater perfeaion, p.759— 77°. The equation de- 
pending on the temperature of the column of air, and its elevation above the fea, as 
denoted’ by the mean height of mercury in the inferior and fupenor barometers, 
p 771 Computations of barometrical obfervations made on heights in and near 
London, p. 773. Computations of thofe made on heights near Taybridge in Penh- 
firirc; and of thofe near Lanatk, p- 775 - Computations of thofe made on heights 
near Linhoufe ; and of thofe near Carnarvon in North Wales, p. 779. Computations 
of part of Mr De Luc’s barometrical obfervations, nnfwtriitg to the coldeft and 
Jet temperatures of the ait, p. 7 . — Mr. De 1 . Cailteh , barometrical obf.r- 
vatioas a. the Cspe of Good-hope, p. 784. Computations ol barometrical obf.r- 
various made on heights that have not been determined geometrically, p. 783. Com- 
putations of Mr. Bouguer’s obfervations in Peru, p. 787- 

Barometer^ 
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Barometer? flats of it at Lyndon, in Rutland, during the year 1776, p. 350. At Brif- 
to!, p. 353. At London, for each month throughout the fame year, p. 358 — 381, 
Greatefr, lead, and mean height, in each month, p. 38a. Heights determined by 
barometrical obfervations. See Heights . Defcription of a portable barometer,, 

p. 6 58,639. Effedt of winds on the barometer, p* 75 1 — 755. Fixing the fcale of 
barometers with ciilerns recommended, p. 405, 406. Obfervations made in Savoy, 
in order to afeertam the height of mountains by means of the barometer ; being an 
examination of Mr. De Luc’s rules, delivered in his Recheicbes /> les Kcdijtcattons de 
VAtmofphere , p.513. See Mountain. Rule for meafuring heights with the baro- 
meter, p. 686, 687, 734, 735. 757, 758. 762, 763, ?z. The rule which anfwers 
In middle latitudes, will notin the frigid and torrid zones, p. 742 — 736. 

Barometer tubes dilate much more than folid glafs rods, p 663, 664. 

Barometrical obfervations on the depth of the mines in the Hartz, p. 401. Correfpondlng 
obfervations taken, p. 405, 428, 459. Obfervations in places where the height is 
ascertained, p. 408 — 424. In the Dorothea, the Caroline, and the Benedict, in the 
environs of Claufthal, p. 408 — 412. In the Kaunkuhl, at the Ramellhurg near 
Goflar, p.417—419. At Alte Seegen, in the valley of Bremeke, p, 421, 422. 
Near Lasfelde, in the valley of Oilerode, ibid. The fubterraneous geometer’s method of 
finding the depths of mines, p. 423, 424. Obfervations determing the height of fome 
points of the Hartz, not verified by geometrical furvey, p. 425—429. The height 
of the Brocken above Oder-brucke, p. 429. That of Oder-brucke above Claufthal, 
ibid. That of Claufthal above Gottingen, ibid. And that of Gottingen above 
Hanover, ibid. Elevation of the Brocken above Hanover, ibid. Remark on thefe 
obfervations, p. 430. A detail and calculations of barometrical obfervatiens made 
at the Hartz, in O&ober 1776, p. 431 — 449. Obfervations on the mines of Clauft- 
hal, p. 431 — 435. At the Rameliberg, p. 436 — 440. Obfervations at two points 
geometrically determined on the outfide of the mountain, relatively to the mine of 
Alte Seegen, p. 441—443. Obfervations to determine the height of the Brocken, 
with refped to Gottingen and Hanover, p. 444 — 449. — —Barometrical obfervations 
made in Savoy, to ascertain the heights of mountains, p. 513, &c. Precepts and tables 
for making thefe barometrical calculations, p. 571 — 597. 

Bajlard? ( William , Efq;) on the culture of pine-apples, p. 649. See Bine- apples* 

Beafts of prey, frequently feen in Africa, p. 39, 40. 

Beech-trees # The fiourifhing ftate of one that had been frequently walked and rubbed* 
compared to others of the fame nature, p. 12—14. 

Bte-hi<ves? wild, how men are conduced to them by the Hcney-Guide, a curious fpe* 
cies of cuckoiv, p. 43 — 45. See Cuckcw* 

Bees > difeoveries on the fex of them, explaining the manner in which their fpecies is 
propagated ; with an account of the utility that may be derived from thofe difeoveries 
by the actual application of them to practice, p. 15. Mode of propagating their 

5 0^2 fpecies 
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fpecies yet uadi {covered, p. 15, 16. Nev< r deie&ed in the ad of copulation, p* j 6. 
Their fecundation is by an impregnation from the males, p. 17, 18. 20. Drones 
have feme refcmblances to the male organs of generation, p, iB. The different fexes 
that conllitute the republic of bees, p. 19. Concerning the fex of the working, 
bees, p. 19, 20. Drones difeovered as finall as common bees, p. 21, 25. Drones 
well fm nifned with feminal liquor, and fecundating organs, p. 22. Naturalifts who 
rejed the Life of drones in the propagation of bees had no knowledge of thole {mail 
ones, ibid. An experiment proving that the eggs of the queen-bee arc fecundated 
by the males, p. 22, 23. How they are impregnated, ibid. Another experiment in 
proof thereof, p. 24, 25. Drones have no fling, p, 2 g, 26. A third experiment, in 
which the fwarni was entirely cleared of the males, and in which the eggs of the 
queen-bee produced nothing, p. 26. Bees all quit their hive on being difappointed 
of their young, ibid. They attempt to enter the hive of another fvvann, and the 
queen is Haiti in the engagement, p. 26, 27. The great delire of perpetuating their 
fpecies probably induces them to go to the other hive in fearch of males, p. 27. A 
fourth experiment, mewing that the male-bees mull impregnate the eggs to produce 
young ones, p. 27, 28. Queen-bees produced from the common eggs, p. 28 — 300 
The working-bees have the power of making a queen of any worm in the hive, 
p. 30, 3s. The received opinion that the queen-bees are produced from a partial* 
I nr kind of egg, erroneous, p. 31. What advantages may accrue to the public from 
thefe obfervations, p. 31, 32. 

Benares, an account of the Bramins obfervatory there, p, 598. See BramirJ ObfervcL* 
toty* 

BemdiB, a mine in the Hartz ; its depth determined by barometrical obfervations 
p. 408—412. 435. 

Bengal, governor of, grants a peace to the Boutaners, p. 468. Enters into a treaty of 
commerce with them, p. 469. Tranflation of the letter he received from the Tayilioo 
Lama, p. 489—492, 

Bi/on, The North American BIfon, the fame as the great buffaloc in the Wilds of 
Africa, p. 40. 

Bodies, A new theory of the rotatory motion of bodies affe&cd by forces dillurbing 
fuch motion, p. 269 — 293* Singular method of bellowing dead-bodies among the 
Thibetians, p, 478. 

Bogle (Mr.) fent to the court of Thibet, to negotiate a treaty of commerce with the 
Boutaners, p. 469. His defeription of their country, &c* p. 469 — 472. And cha- 
mber of the Tayfhoo Lama, p# 479. 

Boiling point, experiments to determine it in thermometers, p. 818 — 833. Rules to be 
obferved in adj tilling the boiling point of thermometers, p. 845—853. 

BofccvUk, Abbe, Ms account of a new micrometer and megameter, p. 789 — 798* 
812*— 8x5^ 
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Bottle, Leyden , Dr. Franklin’s theory of it further illuffrsted, p. 100, See * 

Bouguer, Mr. Computation of his barometrical obfervations in Peru, p. 787, 

Boutany the kingdom of Thibet fo called, p. 466. An account of it, p„ 465V Sec. 

JBmtaners , account of their firit meeting with the Europeans at the attack of Ccocli 
Behar, p.467, Their great furprizc at each other, p. ^67, 460. The Boutaaers, 
conquered by the Europeans, fue for peace, p. 46S. 

Boxwood, its effedl in experiments with the air-pump, p. 626. 

Bramind Obfer watery, at Benares, an account of it, p, 498. Ancient Bramins had a 
knowledge of agronomy, 59S. 604 — 606. A number of curious inflruments in their 
obfervatory in the greateft prefervation, p. 599. Said to have been erected two 
hundred years ago, ibid. The conilrudlion and iituation of thefe inftruments, p. 599, 
—601. Defcription and ufe of them, p. 601 — 604. 607. This Obfervatory laid 
to have been built by the emperor Ackbar, p. 604*. 

Briftol , an extract of a meteorological journal kept there for the year 1776, p. 35 3 , 
See Meteorological Journal . 

Britain . Experiments and obfervations made in Britain, in order to obtain a rule for 
meafuring heights with the barometer, p. 653. See Barometer. 

Brocken In the Hartz, its height above Hanover determined by barometrical obfervations^ 
P« 4 5 9 * 444 — 449 * 

Brovonrigg, Dr. his obfervation on the evaporation of fome parts of England, p. 253. 
Not correlpondent with that at Liverpool, Ibid. 

Buffaloes , great ones In the wilds of Africa, p. 40* The fame as the North American 
Bifon, ibid. 

Buildings. Some account of the Thibetian buildings, p. 479, 


C. 

Cabbage hark tree of Jamaica, Its defcription and ufe, p. £07 — 512. 

Cantons electrometer. ' Experiments with Mr. Hemming’s ele&rical cylinder fome days 
after ufing it, on the balls of Canton’s electrometer, p. 109—113, New eledtrical 
experiments and obfervations j with an improvement of Mr* Canton’s electrometer^ 
p. 3 8 8, See Electrical experiments • 

Cape of Good^Bope, an account of a journey from thence into Africa, and a defcription of a* 
new fpecies of cuckow, p. 38. See African Cuchwo. Mr. De la Caille’s barometrical, 
obfervations there, p. 784* 

Cards, painted with different water-colours, eledtrical experiments on them, p. 392— 
394* 

Caribbees • Defcription of the Jefuits Bark tree of the Caribbees, p. 504—506. 

Carnarvon* Computations of barometrical obfervations made m heights near*. 

P* 779- 

Caroline, a mine in the Hartz, its depth determined by barometrical obfervations* 
p. 408—412. 434* 

Cafe of the faking woman in RofsHure* p. 1— is. 



{ . t ir, A coated phial may be charged with electrical fpa»ks from the back of a cat # 
icrong enough to pierce a hole through a caid with its di fcharge, p. 396, A fpecies 
of pole-cat (Vivcna Pmorim), found in Africa, p. 4.0. 

Ca-val/o , Mr. 'Tiberius, Ids account of fome new ekfuical experiments, p. 48. See 
ItUcSlrical experiments. His experiments and obfervations on Mr. Volta's electrical 
machine, \\ 116— n 8. Ills new electrical experiments and obfervations ; with an 
improvement of Mr. Canton’s ekdlromcter, p. 388 . See Elellrkal experiments. 

Cavendijhi Mr. accounts for a difagi cement between the pern -gage and the other gages 
in an air-pump, p. 62 2 — 624. 

Chi'ou.te, on its elcttritity ; and the reflorauon of that property to it, when loll, by 
melting it together with a final! quantity of olive oil, p. 9 ] — 97. 

Cijhrns. Fixing the fcale of barometers with cillcrns, recommended, p.405, 406. 

Clntijlhaly in the Harts, depth offome mines there determined by barometrical obferva- 
tions, p. 408—412. 431 — 433. Irs height above Gottingen determined by the 

barometer, p. 429. 444—449. 

Clock, A pendulum-rod of foiid glafs dilates much lefs than a fteel one, p. 698, 
699. 

Coated phial may be charged with ele&rical fpaiks flrong enough to pierce a hole through 
a card with its difeharge, from a piece of new flannel, a hare's Ikin, or a piece of 
paper, p. 396. 

Colours . An account of perfons who could not difUnguifh colours, p. 260. — Harris, 
who had otherwife a good fight, difeovered a want of the idea of colours at four 
years of age, p. 261. Why he might not obferve this defedl earlier, ibid. Could 
not difeern the difference of colour in cherries, p, 262. He could only guefs the 
name of any colour, except diftinguifhing white bom black, or black from any light 
or bright colour, p. 262, 263. He could diflinguifli a ftriped ribbon from a plain 
one, but could not tell the colours, p. 262. Was very defirous cf underfbmding the 
nature of light and colours, p. 263. He had two brothers, who likewife had no idea 
of colours, ibid. Account of one of them, p. 263 — 265. 

Colours • Electrical Experiments on water-colours, p, 392—394, On oil-colours, 
P» 394 * 395 * 

Committee » "The report of the committee appointed by the Royal Society to confider of 
the bell method of adjuftsng the fixed points of thermometers ; and of the precautions 
neceffary to be ufed in making experiments with thofe inftruments, p. 8x6. See 
Thermometers* 

Gooch Behan Europeans and Boutancrs firfl met at its attack, p, 467, Their great 
furprize at each other, p, 467, 468. Boutaners, conquered by the Europeans, fue 
for peace, p. 468. 

Copernicus ) an .account of a portrait of him, prefented to the Royal Society by Dr. Wolf, 
P* 33 * Copied from m original in the pofTcfTion of Mr, Huffarzewfki, p. 33, 34. 
A portrait of him in the great church at Thorn, p, 34. Compared with Mr. Huf- 

farzewfldks 
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farzewfkPs, p. 34, 35, The latter is at lead 130 years old, ibid, HiHory of this 
portrait, p, 36, 37. Great likeneft between the copy and original; p. 37* 

Copulation , bees never decoded in that a 61 , p. 16. 18. 

Cofiaid , Rev, Mr, George, his tranflation of a pafTage in Ebr. Younes ; with feme re- 
marks thereon, p. 231. See EbnYounes. 

Cozv , the Thiberians hold it in great veneration, p, 478. 

Covs^tails, remarkable ones produced in the kingdom of Thibet, p. ^ 84. Their ufe, 
p. 484, 483. Defcription of the beaft, p. 484. 

Creek Faterick , or Peter’s Rock, a volcanic-hill near Invernefs, an account of it, 
p, 383—387, 

Cruquius , his obfervation on the exhalation of water at Delft in Holland , p. 252. 

Cuch<w , Honey-guide, ox Cucul us Indicator, a curious fpecies of cuckow in the interior parts 
of Africa, p. 43. Smaller than the European cuckow, ibid. Men and beafts are 
conducted to wild bee-hives by this bird, ibid. Its motive and method of difeovering 
the bee-hives to men, p, 43 — 43, A ecu fed of fometimes conducting its followers to 
wild beaiis and venomous ferpents, p, 43, Defcription of the Honey-guide’s nelh 
p, 43, 46. Defcriptio cuculi indicatoris, p. 46, 47. 

Cue ulus Indicator, or Honey-Guide, a curious fpecies of cuckow in the interior parts of 
Africa, p, 43, See Cuchovo . 

Cylinder . Experiments with Mr, Hemming’s eleflrical cylinder, for fome days after 
ufing it, on the balls of Canton’s eledrometer, p. 109 — 213. 

Cylinder or fpheroid . How the joint centrifugal force of the particles of a fpheroid or 
cylinder, having a rotatory motion about any momentary axis, is computed, p. 289 


Davenport , Ann, her remarkable cafe, p. 438. Miferable Hate of the patient, p. 439, 
460. An abfeefs in her groin opened, p. 460. A fecond formed, and opened, ibid. 
Several holes in her belly caufed by a mortification, p. 461. A third abfeefs formed, 
which was left to open of itfelf, ibid. A hard fubflance ex traded therefrom, p. 462. 
An account of the extraction, p. 462, 463. The fubflance taken from her caufed by 
a peg of woed which file had fwallowed fixteen years before, p. 462, n . Patient m 
a fair way of recovery, p. 463, The minifter’s certificate of the truth of the cafe, 

P* 464. 

Bays. Number of fair and frolly days in Briflol in, the year 1776, p. 354. 

Dead bodies, a Angular method of bellowing them among the Thibetians, p. 478. 
Ddrazu, Mr. John, his difeoveries in the fex of bees, explaining the manner in which 
their fpecies is propagated 5 with an account of the utility that may be derived from 
thole difeoveries by the afiual application of them to pra&ice, p, 15. See Bees* 
Deer. Mu Ik* deer common in the mountains of Thibet, p. 483, 486. 

Bek C allies t Mr. his barometrical obfervations at the Cape of Good Hope, p. 784* 

Delai 



He is the great object of 


[ S 7 2 ] 

l)e!ai Lama, a defcrlptlon. of his country, p. 469 — 471, 
adoration of the heathen Tartars, p. 474 — 476. 

[hlfi y ill Holland, obfeivation on the exhalation from waters there, p. 252. 

De Luc, Mr. John Andrew, his barometrical obfervations on the depths of the mines 
in the Hartz, p.401* See Barometrical obfervations. On the expanfion of quick- 
filver in the tubes of barometers, p. 683, 684. Concerning his barometrical obfer- 
•vatious on Saleve, p. 713, 756 — 729, &c. Mr. De Luc the mofc fuccelsfui in 
mea (bring vertical heights with the barometer, p. 654, 673. Rule deduced from 
his obfervations on Salevc, p. 655, 656. Expansion of quickfilver in the tubes of 
his barometers refulting from the Sal eve obfervations, p. 656-— 658. Computations 
of part of his barometiical obfervations, anfwering to the coldeft and hotteft tem- 
perate! es of the air, p. 781 — 784. His method of adjuring the boding point of the 
thermometer, p. S3 2. An examination of the rules delivered in his Recbsrcbes fur Its 
Modifications de V AtJimfphere, by obfervations made in Savoy, in order to afeertain the 
height of mountains by means of the barometer, p, 513. See Mountains. 

Depths of mines, meafuied by the barometer, p. 401 — 409. The fubterraneous geo* 
meter’s method of finding thefe depths, p. 4 23, 424. Precepts and tables for calcu- 
lating any acceffible heights or depths from barometrical obfervations, p. 371 — 391. 

De Saujfure , Mr. his barometrical obfervations to afeertain the height of the Mole, 

P* 549’ 55 °* 

Diameters* The ratio of the diameters of the earth, p. 767. 

Dkqimmre , the Abbe, his thiid efTuy on fea-anemonies, p. 36. See Sca-anmonies. 

Dobfon, Dr. his obfervations on the annual evaporation at Liverpool ; and on evapo- 
ration confidered as a tell of the moifture or drynefs of the atmofphere, p. 244 . 
See Evaporation. 

Dollond, Mr. his letter concerning Dr. Mafkclync’s invention of the prifmatic micro- 
meter, p. S13 — 815. 

Dorothea, a mine in the Hartz, its depth determined by barometrical obfervations, 

P« 4°8—4i *• 43* — 435- 

Drink . An account of a woman living without food or drink, p* 1. See Woman. 

Drones have fame refomblanccs to the male organs of generation, p. 18. Diones as 
fmall as common bees, p, 21, 25. Drones well furnifhed with fcminal liquor, and 
fecundating organs, p. 22, 25, They have a fliare in the propagation of bees, p. 
22 — 28. Drones have no Ring, p. 23, 26. 

Drynefs or mol dure of the atmofphere ; evaporation considered as a tell of it, p. 244, 
See Evaporation. 

E* 

Earth. Annual evaporation, from the earth, only a tah part of what it is from water, 
f* 253. The exhalation from the earth is about a tail part of what defeends in rain, 
JR 254, Some mathematical articles leading to a clear and fatisfaftory coniiaeration 
1 * of 
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of the motion of the earth’s axis, p. 267 — 288. How the joint centrifugal foice of 
the particles of a fpheroid or cylinder, having a rotatory motion about any momen- 
tary axis, is computed, p. 289 — 295. The ratio of the earth’s diameters, p« 767. 
Belt method of determining the figure of the earth, ibid, 

Eafl LJteT* The atmofphere amazingly clear there, p. 604. 

Ebn Tonnes. Tranflation of a paffage in Ebn Younes ; with fome remarks thereon, 
p. 231. Numbers in the manufcript fappofed to be different from what they were 
in the original tables, ibid, A miitake in the Arabic letters and figures eafjy made 
by a perfon ignorant of his fubject, p. 232, An inftance of this fort, ibid. Dif- 
ferences in the manufcript obfervations, and the calculations by modern tables ac- 
counted for, p. 232 — 240. A tranflation of the Arabic paffage entire, p, 240— 
243. 

Eclip/es of Jupiter’s firft fatellites, obferved during the lak ten years, relatively to the 
difference of longitude at Paris and Greenwich refulting therefrom 5 with a corn- 
parative table of the correfponding obfervations of the firit Satellite, made in the 
principal obfervatories, p. 162 — 186, 

Edinburgh, computations of barometrical obfervations made on heights near there, 
P- 777 - 

■ Ble&rical Experiments, an account of fome new ones, p. 48. Defcription and life of the 
atmofpherical electrometer, p. 48, 49. Part of a journal of obfervations on the 
electricity of the atmofphere, p. 50. A quantity of electricity is at all times in the 
atmofphere, ibid. The electricity of the atmofphere or fogs is always of the fame 
kind, ibid. The ftrongeH electricity is in thick fogs ; the weakeft in cloudy weather, 
ibid. Defcription of the electrometer for the rain, p. 51, 52. Experiments made 
with a glafs tube hermetically fealed, and having fome quickfilver inclofed in its 
cavity, p, 53 — 35. New electrical experiments and obfervations, with an improvement 
of Mr. Canton’s electrometer, p. 3 88. The giafs plate tiled inD : owing experiments 
coated with fealing-wax, ibid. Experiments on Mr. Volta’* - commonly called 
a machine for exhibiting perpetual eleCtricity, p. 389 — 392. riments on water* 

colours, p. 392 — 394. On oil colours, p. 394, 395. 1 nous experiments, 

p. 396, 397. On a piece of new white flannel, tied e globe of an elec- 

trical machine, p. 397, 398. On a phial, the inlide coating of which was duck 
with varnilh, p. 398, 399/ Defcription of a pocket electrometer, p. 399, 400. 

BleBrical machine, experiments and obfervations on Mr. Volta’s, p. 116 — 1x8. Ex- 
periments on his machine for exhibiting perpetual electricity, p. 389—392. 

BleBrkal cylinder (Mr. Hamming’s), experiments with it on the balls of Canton's elec- 
trometer, fome days after ufing it, p. 109— 113. 

EieBrkity. Experiments and obfervations in EleCtricity, p. 83. Remarks on the 
effeCls of lamp-black and tar, or lamp-black and oil, as proteCtors of bodies from the 
ftroke of lightning, p, 85— 89. Similar effeCts produced by experiments in the artifi- 
Vox.. LXVII. 3 R eial 



I «74 3 

tid eleflrlcity, p. 8c«~~ 91* Corollaries deduced from the above experiments and 
chili vations, p. 91—94. On the elearicity of chocolate, 94—96. The reiteration 
of that property to it, when loft, by melting It together with a fmall quantity of 
olive-oil, p. 963 97. Remarks on electricity^ 97, 98. Obfervations on feme new 
and fingular phenomena in excited and charged glafTes ; with experiments made in 
confequence of thefe phenomena, farther illullrating the Franklinian theory of the 
Leyden bottle, p, 98 — 1 16. A defeription of the apparatus conftrufted for that pur- 
pofc by Mr, Hen ly, p. 99, 100. Experiments and obfervations on Mr. Volta's 
machine, with remarks, p. 1 16 — 1 iS. A fimple clcdtrical apparatus, by which 
aim oft eveiy article may be examined with the utmoft facility, p. 1 18. Obfervations 
and precautions in the ufe of it, p. 119, 120. The eledricity of various fubftances 
difeovered with it, p.122. Metals, ibid. Animal fubftances, p. x 23. Vegetables, 
p. 124, 129. Corallines, p. 125. Salts, ibid. Foffil and mineral fubftances, 
p. 125, 126. Artificial fubftances, p. 126. Remark on the rubbers ufed, p. 127— 
129. Thoughts on the adion, influence, and effeds of eledricity, p. 129 — 144. 
Ob fei vations on the eledricity of the atmofphere, p. 50. A quantity of eledricity in 
the atmofphere at all times, ibid. The ' eledricity of the atmofphere and fogs of 
the fame kind, ibid. Stiongeft eledricity is in thick fog*; the weakeft in cloudy- 
weather, ibid. Eledricity may be obtained by rubbing fmooth glafs with a rabbit's 
ikin, p. 397. 

'Electrometer > an atmofpherical one, its defeription and ufe, p. 48, 49. Defeription oi 
one for the rain, p. 51, 52. Defeription of a pocket one, p. 599, 400. Mr. Hem- 
ming’s experiments with his eledrical cylinder, fome days after ufing it, on the balls 
of Canton’s eledrometer, p. 109 — 213. 

Emelman? Mr. his journey into Africa from the Cape of Good Hope, p. 38. See 
Africa • 

England^ the evaporation of fome parts of it, p. 253. Not corrcfpondent with that at 
Liverpool, ibid. 

Evaporation. Obfervations on the annual evaporation at Liverpool 5 and on evaporation 
confidered as a teft of the moiilure or drynefs of the atmofphere, p. 244. Quantity 
of rain falling not fo good a teft of the ftate of the atmofphere as evaporation, p. 244, 
243. Method of determining the annual evaporation in Liverpool, p. 245, 246. Ex- 
planation of the tables of evaporation, p. 246. A comparative view of the evaporation, 
rain, winds, and temperature of the air there, during the years 1 772, 1773, 1774, 
and 177$, p. 247 — 250. Depth of rain not a true index of the moiilure or drynefs 
of the atmofphere, p. 230 — 252. Why much rain gives no more moifture to the 
atmofphere than a little, p«, 251. Annual evaporation at Liverpool, p. 252. Eva- 
poration at London, p. 252. Annual evaporation at London exceeds that at Liver« 
pool, ibid. Exhalation from water at Delft in Holland, ibid. Evaporation of fome 
parts of England, p. 253. Not correfpondent with that at Liverpool, ibid. Annual 
evaporation from water fix times as much as from the earthy ibid. More falls in 

xaia 
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ram than is railed in vapour, fuppodng the whole a furface of r/alei, p. 254, The 
exhalation from the earth is about a lixth part of what defcends in rain, ibid. How 
the rain is collecled and reflored to die fources from whence it came, p. 254, 255% 
Annual fall of rain between Lancashire and Yorklhire, p, 255. Exceeds that at 
Liverpool, ibid. An experiment to afcemin whether the fadt of evaporation, going 
on equally well in an exhaulled receiver, was not an unfutmountable objection to 
that theory concerning evaporation which fuppofes a chemical folution of water ia 
air, p. 256.* Air is a chemical folvent of water, and a caufe of its evaporation, 
p. 257. Heat Is another caufe of the evaporation of water, ibid. Water may exifi 
in air in three Hates, ibid. Remarks on thefe different Hates of water exiiling in air* 
p. 257— -259. The degree of cold produced by the evaporation of Esther under the 
receiver of an air-pump wkilii exhauibing, p. 646—648, 

Euclid) almoft all the geometrical reafonings of mathematicians are derived from him* 
p. 4 50 » 

Evelyn, Mr. his advice of rubbing the Hems of trees to increafe their growth, put in 
pra&ice, p. 12. The defign anfwered, p, 12 — 14, 

Europeans, an account of their firft meeting with the Bouteners, at the attack of Gooch 
Behar, p.467. Their great furprize at each other, 0,467, 468. Boutaners, con- 
quered by the Europeans, fue for peace, p. 468, 

Exhalation* See Evaporation* 

Expansion of quick diver in the tubes of Mr. De Luc’s barometer, refuking from the 
Saleve obfervations, p. 656 — 658. Experiments on the exp a a non of quickfiiver, 
p. 659—681, Rate of expanfion of a column of quickfiiver in the tube of a baro- 
meter, p. 6S2. Confiru&ion and application of a table of equation, for the expan- 
sion of quickfiiver in the tubes of barometers, p. 6S3 — 6 86. Experiments on the 
expanfion of air in the manometer, p. 689 — 696. Thermometrical fpaces compared 
with thofe of the manometer, p, 697. Experiments for determining the actual ex- 
panfion of common air in the manometer, affe&ed by the heat of 212 0 , p. 698— 
•7! 5, Expanfion of the glafs tube and the fcale of the thermometers, their difference, 
p. 834. 

Experiments, proving that the eggs of the queen-bee are fecundated by the males, p. 
22 — 28. Eledlrical experiments, p. 48 —55. 83 — 144. 388—400, Barometrical 

experiments, p. 401—449. 515—569. Experiments made with an air-pump, p. 

614—648. Experiments to obtain a rule for meafuring heights with the barometer, 
p. 653—788. Experiments to determine the boiling points of thermometers, p. SiS 

F* 

Fair* The number of fair and frofty days in Briftol in the year 1776, p. 354* 

Farr , Dr. Samuel. Extract of his meteorological journal for the year 1776, kept at 
BriHol s p* 353. See Meteorological Journal, 

5 R 2 Fafilng 
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Fajling woman, an account of her, p. i — u. 

Flannel . A coated phial may be charged with ele&rical fparks from a piece or new 
flannel, fufiiciently to pierce a hole through a card with its difcharge, p, ^6, 
New flannel rubbed againft glafs will fometimes make it electric, p. 397* An ex- 
periment with a piece of dry ox* warm flannel tied round the globe of an electrical 
machine, 397, 3 98* 

Fogs 9 contain the fame kind of eleflrlcity as the atmofphere, p. 30. Thick fogs con- 
tain the ftrongefi electricity, ibid. The whole country of Peru involved in thick 
fogs during part of the year, p. 258. 

Food, An account of a woman living without food or drink, p. 1. See Woman, 

Franklin 9 Dr* his theory of the Leyden- bottle, further illuftrated, p. 100. &c» 

Ft eezing point 9 concerning adj ufting it in the thermometers, p. 836, 837* 

FrcJIy and fair days in Uriftol in the year 1776, their number, p. 334. 

Fy ft 'try > Mr. Holding Bell, his account of the cafe of Ann Davenport, p, 438. See 
Daw’ pert* 

G* 

Ganges, its waters held in great veneration by the Thibetians, p, 478* 

(Jamas, (thick fogs) the whole country of Peru involved in them during part of the 
year, p. 258. 

Generation, Some refemblance of the male organs of generation in drones, p. 18. 

Geometer, The fubtenaneous geometer's method of finding the depths of mines in the 
Hartz, p. 423, 424. 

Gecme/ets, al mo ft all their reafonings derived from Euclid, p.450. Their reafonings 
with refped to proportional magnitudes very confined, p. 450, 431. An invefliga- 
tion concerning it, p. 431 — 437. 

GY; many, baromeuical obfervations on the depth of feveral mines there, p. 401. See 
Barometrical olf situations, 

Glafs, Obfervations on fome new and Angular phenomena in excited and charged glafs 5 
with cxpeiiments made in confequence thereof, further ill ufl rating the Franklinian 
theory of the Leydcn-botlle, p. 98 — 1 16, Smooth glafs rubbed with a rabbit’s /kin 
acquires electricity, p, 397. Will fometimes become define when rubbed with new 
flannel, ibid. Solid glafs-rods dilate much Ids than barometer tubes, p. 663, 664, 
A folid glafs pendulum-rod dilates much lefs than a fleel-onc, p„ 698, 699. 

Glafs plates in ele&rical experiments, fealing-wax the bell coating for them, p, 
3 8 9 * 

Clef title hermetically fealed, and having fome quickfilver inclofed in its cavity, 
experiments made with one, p. 33 — 55. The difference of expanfion of the glafs 
tube and the fcale of thermometers, p. 834. 

Gknky Mr, James, his general mathematical laws, which regulate and extend propor- 
tion univerfally ; or, a method of comparing magnitudes of any kind together, ia 
all the pofible degrees of increafe and decrease, p« 450 — 457. 

Goid% 
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GoIJf great quantities found in the kingdom of Thibet* p. 486, 487. 

Good Hope, Cape of, Mr. De la Caille’s barometrical obfervations there, p. 784* 

Gottingen In the Hartz, its height above Hanover determined by barometrical obfervations, 
p. 429, 444—449. 

Gravities. An experiment to determine Lydrofiatically the fpecific gravities of air 
and quickfilver, with a given temperature and p re !Ture ; and remarks thereon, p. 
557 — 570 . 

Great River, in the kingdom of Thibet, fome account of it, p. 481, 482* Great quan- 
tities of gold found in Its fands, p. 486. 

Greenwich and Paris, concerning the difference of longitude there, refilling from the 
eclipfes of Jupiter’s firft fatellites, obferved during the laft ten years ; with a compa- 
rative table of the correfponding obfervations of the frit fatellite, made in the prin- 
cipal obfervatorles, p. 162—186. 

Groin, An account of a hard fubftance extracted from a woman’s groin, p. 461— 465* 
Caufed by fwallowing a peg of wood fixteen years before, p. 462. n. 

Groot V aaders Bo/ch } a wood In the interior part of Africa, a curious fpecles of cuckovv 
there, p, 43. See Cuchw • 

Growth of trees, increafed by wafhlng and rubbing, p, 12—14. 

H. 

Hadley, Mr. remarks on the defedls in his method of policing the fpeculum for refec- 
ting telefcopes, p. 318—320, A mote perfed method of polifhing and giving a 
corred parabolic figure to the metal at the fame time, p. 327 — 335, 

Hales, Dr. his advice of wafhing the 1 fiems of trees to increafe their growth, put in 
pradice, p. 12. The defign anfvvered, p. 12 — -14, Dr. Hale’s calculation of the 
annual evaporation In England, p. 253. 

Halley , Dr. his obfervations on the exhalation of water In London, p. 232. 

Hanover. The heights of Gottingen, Claufthal, Oder-brucke, and Brocken, above 
Hanover, determined by barometrical obfervations, p. 429. 444 — 449. 

Haiisfkin, a coated phial may be charged with eledrical fparks from one, fufficiently 
to pierce a hole through a card with Its difcharge, p. 396. 

Harris , Mr, an account of him and his two brothers, neither of whom could difiinguifh 
colours, p. 260 — 263. 

Jlartz* barometrical obfervations on the depths of mines there, p. 401 . See Barometrical 
obfervations. 

HaJUngs , Mr. governor of Bengal, grants a peace to the Boutaners, p.468 ; and enters 
Into a treaty of commerce with them, p, 469. Translation of the letter he received 
from the Tayfhoo Lama, foliciting for peace, p. 489 — 492. 

Heat, a caufe of the evaporation of water, p. 257. 

Heights of mines meafured by the barometer, p. 401—449* The fab terraneous geo- 
meter’s method of finding thefe heights, p, 423, 424. Precepts and tablesTor cal- 
culating 
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•dilating any acccfllble heights or depths from barometrical obfervations, p, 571-^ 
59 !„ Eafieit and bed method of determining heights by the barometer, p« 683—686^ 
j()i } 763, *?. Experiments and obfervations made in Britain, in order to obtain a 
mile for meafuring heights with the barometer, p. 65 See Barometer . Heights de- 
tei mined by the barometer, p.515 — 532. 539—546. 549, 550. 552—554. 592— 
597. Rule for meafuring Rich heights, p* 086, 687. 734, 735. 757, 758. 762, 
763, ». 1 he rule which anfvvers in middle latitudes will not in the frigid and tor** 

3 iJ zones, p. 742—7560 Remarks on the error of the rule in the tables of compu^ 
nation , and a method of bringing the theory of the barometer to greater perfe&ion, 
p 759—770. Computations of barometrical obfervations on various heights, 
P- 77 i— 787 . 

Hemming , Mr. Experiments with his elcdlrical cylinder, fomedays after tiling it, on the 
balls of Canton’s electrometer, p. 109 — 113. 

Ucn/y, Mr. William, his expeiinneiits and obfei vations in eledricity, p. 85. See Elec- 
tricity* His remarks on fome experiments and obfervations on Mr. Volta’s electrical 
machine, p. 1 17, Ii8. 

Hilly an account of a volcanic hill near Invernefs, p.385. Sec Volcanic HdL 

Milky mountains, and various other places, their heights taken by barometrical obfer* 
vations. See Heights* 

Honey-guide, or Cuculus Indicator, a curious fpecies of cuckow in the interior parts of 
Africa, p. 43. See Cuckow. 

Honey -hunters, how conduced by the honey-guide to the wild bee-hives, p. 44, See 
Cuckow* 

Honig-wyzer, or honey-guide, p. 43. See Cudoiu* 

Hovel, a defcripcion of one on The Mole, one of the Alps, p. 535. 

Huddart 9 Mr. Jofeph, his account of fome perfons who could not diftinguifh colours, 
p. 260. See Colours . 

Hunter , Dr. and Mr. Henry Watfon, their account of Dr. Maty’s illnefs, and of the 
appearances in the dead body, p, 608 — 613. 

HujhandSy a plurality of hufbands allowed among the Thibetians, p. 477. 

Ilujarzewjki, a curious portrait of Copernicus in his pcfTeffion, p. 33, &c« 

I. 

Jack/on, Mr. his new method of foldering the piece of brafs to the back of the little 
fpecuhtm of a telefcope, p. 346. 

Jamaica, defeription of the Jefuits’ bark-tree of that ifland, p. 504—506. Defcription 
and ufe of the cabbage-bark tree of Jamaica, p. 507—512. 

Jefuits" Bark free of Jamaica and the Caribbees, defcription of it, p. 504—506* 

Jgnes fatui explained, p. 142. 

Inquiries, philofophical 5 concerning them, p* 653, 654, 

1 Infirm 
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hflrnmenUt a number of curious ones In the Bramias’ obfcrvatory* at Benares, p. $gg 0 
In great preservation, though erected two hundred years ago, ibid* Conilm&ion 
and Situation of diem, p, 599—601. Their defcription and ufe, p. 601—604, 
607. 

Inwne/s , an account of a volcanic hill near there, p. 38^. See Volcanic Hill. 

journal* meteorological, for the year 1776, kept at the houfe of the Royal Society* 
P* 3 57 — 3 S 4- See Tables. 

Journeys an account of one into Africa from the Cape of Good Hope, and a defcription 
of a new fpecies of Cuckow, p. 38. See African Gucko*w. 

Jupiter s firft fatellites, eclipfes thereof obferved during the laft ten years, concerning 
the difference of longitude at Paris and Greenwich, refulting therefrom ; with a com- 
parative table of the correfponding obfervations of the firk Satellite made in the prin- 
cipal obferva tones, p. 162— 186* 


K. 

'Kaunkuhls in the Harts, its depth determined by barometrical obfervations-, p. 417^ 
419. 436—440. 


L. 


Lahajja, the capital of Thibet, feme account of it, p. 481, 58 2. Its trade, p„ 482 

—•4 8 7- 

Lamp-Mack and tar, or lamp-black and oil, preferves the parts of mails of fhips covered 
with it from injury by lightning, p. 85, 86. A curious Inflance of this kind, 
p. 86—89. Experiments in artificial eledricity with lamp-black and oil, 
p.-Sp— 910 

Lanark , computations of barometrical obfervations made on heights near there. 
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handers, , Mr# John, his new theory of the rotatory motion of bodies afFeded by forces 
diflurbing fuch motion, p. — 295. 

Xaw, an account of feme diicovered near Invernefs, p. 385—387. 

Lead-mines in the Ramelfberg near Goflar, method of working them, p# 414. 

Leather^ its effed in experiments with the air-pump, p. 62^ &c. 

£«£ in Staffordfliire, the remarkable cafe of a woman there, p. 458—464, 

Leyden bottle^ Dr. Franklin’s theory of it further illuftrated, p. 100, See. 

Lightnings parts of mails of fhips preferved from its injury by being covered with lamp- 
black and tar, or lamp-black and oil, p. 85, 86. A curious ii-ftance of this kind* 
p. 86—89. 

Unbouft) computations of barometrical obfervations made on heights near there,, 

1* 779* 


Un fair * 
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Lin/eed-eil, the thick fcum fio:n Its fur face a very ftrong negative elechic, p. gj 9 

Lions, and other beads of prey, fiequcntly feen in Africa, p. 39, 40* 

Liverpool, obfervations on the annual evaporation there; and on evaporation confidered 
as a tell of the moiilute or drynefs of the atmofphere, p. 2^4. See Evaporation . A 
comparative view of the rain at Liverpool during the years 1772, 1773, 1774, an d 
177 $,p. 247 — 2c;o. A comparative view of the winds there dating the fame time, ibid* 
A comparative view of the temperature of the air there during the fame time. Ibid, 

London, The annual evaporation theie, p. 232. Exceeds that at Liverpool, ibid* 
Meteorological journal for the year 1776, kept at London, p. 357 — '384, See Tables* 
Computations of barometrical obfervations made on heights in and near London, 

P* 773 * 

Longitude, Concerning the difference of longitude at Paris and Greenwich, refulting 
from the eclipfes of Jupiter’s firft Satellites, obferved during the lail ten years; with a 
comparative table of the correfponding obfervations of the firft fatellite, made in the 
principal obfcrvatorics, p. 162 — 186. 

Lyndon , in Rutland, extrad of a regilter of the barometer, thermometer, and rain, kept 
there, for the year 1776, p. 35 o. State of the barometer for that year, ibid. Of the 
thermometer within and without, ibid. The quantity of rain which fell, ibid, A ge« 
ncial account of the weather during that year, p. 351, 352. 

M. 

Machines . Of the degrees and quantities of winds requisite to move the heavier kinds 
of wind machines, p. 493 — 503. Experiments and obfervations on Mr. Volta’s 
eledrical machine, p. 116 — jl 18. Experiments on his machine for exhibiting per- 
petual eledricity, p. 389 — 392. An experiment with a piece of dry and warm 

flannel tied round the globe of an eledrica! machine, p, 397, 398. 

Mackenzie, Dr. bis account of a woman living without food or drink, p. r. See 
Woman * 

MacLeod, Janet, the fading woman in Kofs-fhire, her cafe, p. t — it. 

Magnitudes, The general mathematical laws which regulate and extend proportion 
univerfully ; or, a method of comparing magnitudes of any kind together, in all the 
pofliblo degrees of increafe and decrcafe, p. 450. The reafoning of geometers 
with refped to proportional magnitudes very confined, p. 450, 431. An invefiigation 
concerning it, p. 45 1—437. 

Male organs of generation, feme refcmblances of them in drones, p. 18. 

Manatee, one taken alive by the fea- fide in Africa, p. 40. 

Manometer, Experiments on the expanfion of air in the manometer, p. 689— 696. 
Thermometrical fpaces compared with thofe of the manometer, p. 697. Experiments 
for determining the adual expanfion of common air in the manometer affeded by the 
heat of 212°, p, 698— 713. 

7 Marm£% 
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MaraUh his nodan concerning the propagation of bees* p. z;, i8« Diones as finail j«? 
common bees difcovered by him, p. 20, 21, 

Marjham, Mr. his account of the ufefulnefs «f wafting and rubbing the Hems of trees, 
to promote their annual increafe, p. 12, See Tins, 

Mary port , in Cumberland, an account of a perfon there who could not dtftinguiih 
colours, p. 260 — 265. 

Maferes , Francis , Efq; his method of finding the value of an infinite feries of decreasing 
quantities of a certain form, when it converges too flovvly to be fu-mroed in the com - 
mon way by the mere computation and addition, or fubtra&ion, of fome of Its initial 
terms, p. 1S7. See Quantities* 

Mashlyne > Rev. Dr. Nevil* an account of his new inftrument for meafaring fmall angles, 
called the prifmatic micrometer, p. 799. See Micrometer, 

Majh of fhips, thofe parts of them which were covered with lamp-black and tar, or 
lamp-black and oil, have efcaped injury by lightning, p. 85, 86. A curious In- 
fiance of this kind, p. 86 — 89. 

Mathematical articles , leading to a clear and fatisfa&ory confideradon of the motion 
of the earths axis, p. 267 — ‘288. How the joint centrifugal force of a fpheroid, or 
cylinder, having a rotatory motion about any momentary axis, is computed, p, 289 
—29^ 

Mathematical laws , of thofe general ones which regulate and extend proportion univer- 
sally; or a method of comparing magnitudes of any kind together in all the poffible 
degrees of increafe and decreafe, p. 450 — 457. 

Mathematical problem* p. 283- — 288. See Problem. 

Mathematicians , almoil all their geometrical reafoning is derived from Euclid, p. 450* 
Their reafonings with refped to proportional magnitudes very confined, p. 450, 451. 
An invefligation concerning them, p» 451—457, 

Maty* Dr, a fhort account of his illnefs, and of the appearances in the dead body, 
p, 608 — 613. 

Megameter and micrometer, an account of a new one, p. 789—798. 

Metals . Directions for making the bell compofition for the metals of reflecting telef- 
copes; together with a defeription of the procefs for grinding, polilhing, ai.d giving 
the great ipcculura the true parobolic curve, p. 296. See Tele/copes . 

Meteorological Journal for the year 1776, kept at Briflo!, 353. State of the barometer 
during that year, ibid. An abridged tabic of the winds for that year, p. 3^4, Quantity 
of rain which fell, ibid. Fair and frofiy days, ibid. Monthly account’ of the wea- 
ther, 354 — 356. Meteorological Journal for the year 1776 kept at the lioufe of the 
Royal Society, p, 357 — 384, See Tables, 

Micrometer and megameter, an account of a new one, p, 789 — 798', An account ct* 
anew iaflrument for meafuring fmall angles, called the pi I marie micrometer, p. 799* 
Difficulties in the ufe of the objecl-glafs micrometer, p, 799—801. Method of cor- 
Vol. LX VII. 5 S reding 
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rftinc us error, p. 801, 802. Defcription of an inflnment for this purpoie, p. 805 
I30 Remarks concerning its ufe, 809-812. Dr. Maikelyne the firft inventor 

Mm!’ Barometrical obfervations on the depth of the mines in the Hart,, p. 401. See 
Barometrical o’fa valient. Concerning the air in mines, p. Method of 

working the lead-mines in the Rameliberg near Gofl.tr, p. 4*7- The fubtenaneous 
P cometer’s method of finding the depths of thefe mines p. 423. 4*4- 
M„ fiurt or drynefi of the atmofphere, evaporation confrdered as a ted of it, p. 244. 

Sue Evaporation. t of it, p. 533— 439. Barometrical obfervations 

Ibe Mole, one of the Alps, an account 01 it, bio 

“ a ^' 1 Mr Remarks In die defefts in his method of polilhing the fpeculum for 
tZ&i ng telefcopes, p. 318-3*0. A move perfeft method of polifliing and giving 
a correfl paiabolic figuie to the metal at the fame time, p. 3 2 7 335- 

MontSakw* one of the Alps, an account oi it, p- 5 X 5> 5 7 _ T , 

"ion. .o .teuit. if height, p. 5.S-SS*- SS—SS* Co”, U .t.g M, U.L.tc, 
Into *»., 7.5, 7.6- 7=9, «• *«■« aej.otd ft.m th.fe ob 
p. 655, 656. Expanfion of quickfilver in the tubes of h.s barometers refultmg from 

the obfervations, p. 636—658. 

Moon, its aftion upon the earth’s axis confidered, p. 267-283. 

Mortification. The treatment to flop a mortification, p. 460 4 61 - 

ml. A theory of the rotator, motion of bodi.. a«l,d b, force. d.tabtttg fuel 

*£££** in Saooy, in order to nf.crtai. their heigh,, by mean, of 
,h. barometer, being an etraminatio. of Mr. Do Lnc-t rale., debvered.n ht. K: 

fir h, M.Jjfic* rf» A tjm./fl.r,. 5' 3- *>«"”“>• ““ “ 
n C Firft ferics of obfervations on Mont Saleve, ibid. Method of meafunng it, 
o c'i 6 07. Determination of the bafe, p. S*»* Determination of the angles by. 

ihe equatorial, p. $19, 520. Determination of the vertical angles, p. S«* S«' 
Determination If the fides, p. 523. Method of making the barometrical oblerva- 
tions p 324—528. Com pari fon of the firft fencs, p. 5 Z 9- Companion of th*. 
Ln’dferL! p. 53 0. Comparifon of the third ferics, p. Barometncal rules a 

Lie defective as to the true ratio between the gravities of air and quickfilver, 
p. s32 . Inftruments ufed for making barometrical obfervations on the mo e p. 
* 334. Meafurement of this mountain, p. 539, .540. Companion of th u 

&r es of obiervation, p. S 4*- Comparifon of the fecond ferics, p. 54*. Compan- 
7” “ f tha tM rd foie., p. 543- Comparifon of the fourth fencs, p. $44- Compat fom 
iTthe fi^ ferie, p! U Wfon of the fixth feries, p. S * B_l. 

rules defeaive by thefe experiments, p. 547- Remark ^’jfuct ruts 

factions on the mole by M. dc Sauffure, making a dried of Mr. Do Luc s , 

Jr* 3 >t¥® 



C 891 1 

p. 549, S50* Correfponding obfervation at Geneva, tending to prove the laid deleft, 
p, 551* 53 2* Other experiments on Mont Saleve, p. 552, Companion of the hr ft 
feries, 353. Comparifon of the fecond feries, ibid. Cornpmfcn of the third 
feries, p. ^54. Comparifon of the fourth feries, ibid. All proving the exilience of 
the defedt in Mr. de Lae’s rules, p. 554, 533. Quantity of the defeft, from the reful't 
of all the barometrical experiments, p. 555, 536. An experiment to determine 
hydroftatically the fpecific gravities of air and quickfilver, with a given temperature 
and preflure, p. 357 — 361. Statical and barometrical experiments nearly 
agree, p. 561. A fmall difference in the equation for the expansion of air and 
quickfilver, by a change of temperature, from what Mr, De Luc’s obfervation s have 
given it, p. 562 — 569. Remarks on the foregoing in quiiy, ?\ 369, 570. Precepts 
and tables for calculating any acceSible heights or depths from barometrical obfei- 
vations, p. 57 !— 597. 

Mountains of Thibet, mufk-deer common there, p. 4S3, 4S6. 

Madge* Mr. John, his dire&ions for making the beil compofiticn for the metals of re- 
flecting tele fc opes; together with a defeription of the procefs for grinding, polifhing 9 
and giving the great fpeculum the true parobolic curve, p. 296, See Teb /cepes* 

Musk-deer* common in the mountains of Thibet, p. 483, 486. 

Mutton , the Thibetians Angular method of preparing it, p. 473. 


N. 

Nairne, Captain, his remarks on the parts of mails of fhips covered with lamp -black and 
tar, or lamp-black and oil, efcaplng injury by lightning, p. 85, 86. 

Naime , Mr. Edward* his account of feme experiments made with an air-pump on Mr. 
Smeaton’s principle; together with fome experiments with a common air-pump 
p. 614. See Air-pimp* 

*4$ uwtottf Sir Jfaac , the firfi; propofer of polifhing the metal for reflecting telefcopes with 
pitch, p. 344. Pitch fuppofed to be the only fubliance in nature, that is perfectly 
calculated for that purpofe, p. 343 — 347. 

Worth American Bifon , the fame as the great buffaloe in the wilds of Africa, p. 40* 


O. 

OljsB-glafs micrometer* an error in its ufe, p. 799-— 801. Method of corroding the 
error, p. Sox — 812. 

Qh/ervatory. An account of the Bramins obfervatory at Benares, p. 398. See Bramins 
obfervatory . 

Oder Brucke % in the Hartz, its height above Ckufihai determined by barometrical obfer- 
vations, p. 429. 444*— 449* 

Oil and lamp-black, or lamp-black and tar, preferve the parts of mates of fhips covered, 
with it from injury by lightning, p. 83, 86. A curious inflance of this kind, 

£ S z p, 86— 



C e 9 2 j 

p. 86—89-,. Experiments in artificial elediicity with lamp-black and oil, p 89 9: 

The thick feum from the furface of Linfeed-oil, a very flrong negative elediic, 
\\ 97. n. 

Oil-colours, cle&rical experiments on feme, p. 394, 39 J, 

O tl paint) over any fuMancc, will defend It from a flight elc&ricul Ihock, p. 394 
39 S* 

Olive-oil^ melted with chocolate, will idiore its electricity, p. 9 6. 

E 

Paint* Oil-paint over any fubdance will defend it from a flight eledrical fhock 
P* 391 > 395 * 

Painters, The old painters never gave that brightnefs to the eyes which the moderns 
do in their portraits, p. 35. The former came nearer to nature than the latter, 
ibid. 

Paper , painted with different oil-colours, electrical experiments on it, p. 394, 393* A 
coated phial may be charged with eledrical fparks from a piece of paper, fufliciently 
to pierce a hole through a card with its difeharge, p. 396, 

Parts and Gieenwich, concerning their difference of longitudes, refuiting from the 
eclipfes of Jupiter’s Satellites, obferved during the lall ten years ; with a comparative 
table of the corresponding obfervatiohs of the firft fatellite, made in the principal ob- 
fervatoiics ; p. 162 — 186. 

Pear-gage, defeription of Mr. Smeaton’s, p, 614—616, Quantity of permanent air re- 
maining in the receiver of an air-pump when exhaufted as much as poffible, can be 
known only by this gage, p, 636, 6 37* The only means alfo of difeovering what 
part of the receiver contains vapour, and what part permanent air, p. 637. 

Pendulum* Computation of the feries which expreiTes the time of the defeent of a pen- 
dulum through the arch of a circle, p, 215 — 230. A pendulum-rod of folid g|jj|C$ 
dilates much lefs than one of Heel, p, 698, 699. 

Perfons who could not dilltnguifh colours; an account of three brothers, p. 26,0. See 
Colours* 

Pe/ePs Pod, a volcanic hill near Invcrnefs ; an account of it, p. 383 — 387. 

Peru, no rain ever in that kingdom, p. 257. Its atmofpherc during part of the year 
conftantly ob feu red with vapours, and the whole country involved in thiclc fogs, 
p, 257, 258. Computations of Mr. BouguePs barometrical obfervations In Peril, 
P- 7 ^ 7 * 

Phial* A coated phial may be charged with ele&rical fparks fufflciemly to pierce 
a hole through a card with its difeharge, from a piece of new flannel, a hare's fkin, 
or a piece of paper, p. 396. An eledlrical experiment on a phia\ the infide coating 
of which was ftuck with varnifli, p, 398, 399. 

Phihfiphicd inquiries ; concerning them, p. 398, 299. 

s*. P hi 
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Pine-appies* Extras of a letter from William Baftard, Efq; on the culture of pine-apples^ 
p. 649. Method of raifmg pine-apples in water, p. 649 — 652. 

Pitch, Sir Ifaac Newton the firli propofer of polifhing the metal for refle&ing telefcopes 
with it, p. 344. Suppofed to be the only fubftance in nature that is perfedly calcu- 
lated for that purpofe, p. 345 — 347. 

Pliny, his opinion concerning the propagation of bees, p, 16. 

Pocket electrometer, defeription of one* p. 599, 400, 

Pole. The furface of the earth at the pole for ever covered with' fnow, p. 764. 

Polecat, (Viverra Putorius) a fpecies of it found in Africa, p. 40. 

Politics and religion of the Thibetians, p. 473 — 479. 

Portrait of Copernicus, prefen ted to the Royal Society by Dr, Wolf ; an account of it 
p, 33. See Copernicus „ A portrait of him in the great church at Thorn, p. 34, 

Portraits • See Painters ,, 

Precepts and tables for calculating any acceffible heights or depths from barometrical ob~ 
fervations, p. 371 — 397. 

Prif mafic micrometer \ an account of a, new imlrument fo called, for meafuring fmalL' 
angles, p. 799. See Micrometer, 

Problem (mathematical), Suppofe a given fpheroid, whilft revolving uniformly about its 
proper axis, with a given angular velocity, to be fuddenly urged by feme percufnve 
force to turn, with fome given angular velocity, about a diameter of its equator; 
k is propofed to explain the rotatory motion of the fpheroid confequent to the ini- 
pul fe fo received, 283 — 2S8. 

Proportion, The general mathematical laws which regulate and extend proportion uni- 
verfally ; or, a method of comparing magnitudes of any kind together in all the 
poffible degrees of increafe and decreafe, p, 450 — 457. 

Pump* See Air* pump. 


Qh 

Quantities (mathematical), A method of Ending the value of an infinite feries of de- 
creafmg quantities of a certain form, when it converges too flowly to be fumxned in 
the common way by the mere computation and addition, or fubtradion of fome of 
Its initial terms, p. 187; Differential feries, p. 187-— 190. Of the convergent/ of 
the foregoing differential ferics, p. 190 — 191* Of the inve (ligation of the foregoing 
djffeientiai feries, ( p. 191 — 194, Examples of the ufefulnefs of the foregoing diffe- 
rential feries in Ending the values of infinite feriefes whofe terms decreafe very 
flowly, p 194, Computations of the lengths of circular arcs by means of infinite 
Cerieffes derived from their tangents, p. 194 — 199, Computation of an arch of 30 
degrees, p. 299 — 203, Computation of an arch of 45 degrees, p, 203 — 215. Com- 
putation of the feries which expreffes the time of the defeent of a pendulum through* 
the arch of a circle* p* 215, — 230* 


Shiteis*- 
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Queen-bees produced flora, the common eggs, p, 28 — 30. The working-bees have the 
power of making a queen of any worm in the hive, p. 30, 31. 1 he received opinion 

that the queen -bees arc produced from a particular kind of eggs, erroneous, 

P* 3 r * 

Qnicl'fibvcr, An experiment to determine hydroflatically the fpeciiic gravities of air 
and quickfilver, with a given temperature and prejfliire, and remarks thereon, 
p. 557 — 570* Expanfion of quickfilver in the tubes of Mr. De Luc’s barometer, re- 
fill ting from the Saleve obfervations, p. 656— 658, Experiments on the expanfion 
of quickfilver, p. 659 — 681, Rate of expanfion of a column of quickfilver in the 
lube of a barometer, p. 682. Conftru&ion and application of a table of equation, 
for the expanfion of quickfilver in the tubes of barometers, p. 683 — 686. The 
equation to be applied to the obferved height of quickfilver in the barometer, 
from 1 3 to 31 inches; and for differences of temperature extending to 102 0 of Fahren- 
heit; whereby the column is reduced to the height it would have ilood at in the 
temperature of 3a degrees, p. 687. The expanfion of common air does not keep 
pace with die dilatations of quickfilver, p. 695. 


R. 

Rabbit’s 1km , a -coated phial may be charged with eleftneal fparks from one, fufficiently 
to pierce a hole through a card with its difeharge, p. 396. Smooth glafs rubbed 
with a rabbit’s fan acquires e led ri city, p. 397, 

Rain* JDefcription of an eledrometer for the rain, p. 31, 52. No rain ever in the king- 
dom of Peru, p. 257. The quantity of rain falling not fo good a tell of the date of the 
atmofphere as evaporation, p. 244, 2 45'. A comparative view of the rain at Liver- 
pool during the years 1772, 1773, I 774 ? and 1775, p. 247 — 250. Depth of the 
rain not a true index of the moifture or drynefsof the atmofphere, p. 230 — 232* Why 
much rain gives no more moiftare to the atmofphere than a little, p. 231. More 
rain falls than is railed in vapour, fuppofmg the whole to be a furface of water, p.254. 
Six times more defee nds in rain than what is exhaled from the earth, ibid. How the 
rain is collected and refrored to the fources from whence it came, p. 234, 233. An- 
nual fall of rain between Lancafhire and Yorkshire, p, 235. Exceeds that of Liver- 
pool, ibid. The quantity of rain which fell at Lyndon in Rutland during the year 
1776, p. 330. What quantity fell in Briftol in the fame year, p. 354. State of the 
rain for each month in London, throughout the fame year, p. 358—38 1. Quantity 
which fell in each month, and in the whole year, p. 382. 

Rain-gage 9 wrong method of fixing it, p. 253,. 

Rameljberg near Collar, in the Ham, method of working the lead-mines there, p* 414. 
Depth of mines there determined by barometrical obfervations, p. 417—419. 
436—440. 

Ramjden, Mr, defeription of his portable barometer, p. 658, 639. 


Raumuri 
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Reaumur, on the propagation of bees, p t 16. 18. Me difeovered drones as fmall as 
common bees, p, 21. 

Recherches far les Modifications de PAitnofipbere, an examination of Mr, De Luc’s rules de- 
livered therein, by obfemitions made in Savoy, in order to afcenain the height of 
mountains by means of die barometer, p. 513, See Mountains. 

Religion and politics of the Thibeuans, p. 473 — 479. 

Report of the committee appointed by the Royal Society to confider of the bell method 
©fadjufling the fixed points of thermometers ; and of the precautions neceffarv to 
be ufed in making experiments with thofe mibruments, p. 8 16* See Thermometers* 

Republic of bees, the different fexes that coaflitute it, p. 19* 20. 

River, feme account of the great river in the kingdom of Thibet, p. 481, 482. 

Reckon, Abbe; the firil difeoverer of a new micrometer and mega me ter, p. 789 — 792* 
See 812 — 815, 

Rogers , Rev* Mr. his certificate of the truth of the remarkable cafe of Ann Davenport, 
P* 464* 

Rome. Height of St. Peter’s church at Rome determined by the barometer, p. 5 82 • 
And of the Tarpeian rock there, p. 484. 

Rofs-fhire , an account of a woman there* living without food or drink, p. 1, See 
Woman* 

Roy , Colonel William, his experiments and obfervations made in Britain, in order £0 
obtain a rule for meafuring heights with the barometer, p. 653. Firil part of the’ 
Rule, p* 686. Second part, p. 734, 733. Third part, 737, 758. See Barometer* 

Royal Qhfervatories at Paris and Greenwich, concerning the difference of longitude at* 
thefe places, refulting from the eclipfes of Jupiter’s firil fatellites, obferved during the- 
lafl ten years $ with a comparative table of the correfponding obfervations of the firil 
fatellite, made in the principal obfervatories, p. 162— *3(86. 

Royal Society , a meteorological journal for the year 1776, kept at their houfe, p. 337 — - 
384. See Tables . The report of the com mi tree appointed by. the Royal Society to 
confider of the bell method of adj ailing the fixed points of thermometers ; and of the 
precautions necelTary to be ufed in making experiments with thofe inilruments, p.8i6> 
See Thermometers. 

Rubbing and wafhing the Hems of trees increafes their growth, p. 12 — 14. 

Rule for meafuring heights with the barometer, 653. Firil part, 686* Second parV 
734, 733. Third part, 757, 738. See Raromete r. Roy* 

S, 


Salem, Mont, an account of it, p. 315, n. 527. Barometrical obfervations £0 afeer- 
tain its height, p. 313 — 532. 332 — 534* Concerning Mr. De Luc's barometrical 
obfervations thereon, p.713, 716. 729, &c. Rule deduced from the Saleve obfer- 
vations, p. 633, 636. 

Satellites * Eclipfes of Jupiter’s iirS fatellites, obferved during the lafl ten years, con- 
cerning the difference of longitude at Paris and Greenwich refulting therefrom ; with* 

a. com- 
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a comparative table of the correfponding obfervations of the firii fatellite made in the 
principal obfeivitories, p. 162—186. 

Savoy. Obfervations made in Savoy, in order to afcerfealn the height of mountains by 
means of the barometer, being an examination of Mr. De Luc’s rules, delivered in 
his Recherche 5 fur tes Modifications de iRitmofpbere, p. 5 r 3* See Mountains . 

Scale of barometers, fixing them with ciilerns recommended, p. 403, 406. The fcaie 
and glafs tube of thermometers, their difference of expan fion, p. 834. 

Shir achy his account of the lex of the working bees, p. 19 * 21. 

Sea- mementos, a third effay on them, p. 56. Obfet vat ions on the geneiation of the fourth 
fpecies of anemonies* p. 57 — 78. A further obfervation on the firft fpecies 
p, 79—84. 

Sealing-wax, the bed coating for glafs-plates in ele&rical experiments, p.389, n. 

Sex of bees, dilcoveries thereon, explaining the manner in which their fpecies is pro- 
pagated, vvirh an account of the utility that may be derived from thofe difeoveries 
by the adtual application of them to practice, p. 15. See Bees, The different fexes 
that conliitute the republic of bees, p. 19, 20. 

S hauls , an account of the fine wool of which they are made, p. 485. Produced from 
the Thibctian flicep, ibid. 

Sheep. An account of the fine wool produced from the Thibetian fheep, p. 485. The 
fhauls made of it, ibid. 

Ships. Parts of their malls which were covered with lamp black and tar, or lamp-black 
and oil, have efcapcd injury by lightning, p. 83, 86. A curious indance of this 
kind, p. 86 — 89. 

Short) Mr. his method of furnifhing telefcopes with Metals, p. 339, 340. 

Shuckburg , Sir George, his obfervations made in Savoy, in order to a fee r tain the height 
of mountains by means of the barometer, being an examination of Mr. De Luc’s 
rules, delivered in Ins Recherche* far les Modifications de RJtmofphere, p. 513. See 
Mountains, 

Smeaton, Mr. an account of fome experiments made with an air-pump on his principle; 
together with fome expen mets with a common air-pump, p. 614. See Air-pump* 
Dcfcription of Mr. Smcaton’s pear-gage, p. 614 — 616. Quantity of permanent air 
remaining in the receiver of an air-pump, when ex ha u Red as much as poffible, cam 
be known only by his gage, p. 636, 637. It is alfo the only means of difeovering 
what part of the receiver contains vapour, and what part permanent air, p. 637. 

Smith) Dr. defers in the compofitions of metal recommended by him for the fpccola of 
reflefling telefcopes, p, 297, 299, How this imperfeflion in the metal may be pre- 
vented, p. 300 — 303. 

Sw*w, the furface of the earth at the pole covered with it, p. 764, n. 

Sparrimn , Dr. Andreas, his account of a journey into Africa from the Cape of Good- 
hope; with a -dcfcription of a new fpecies of cuckow, p. 38. See Africa 
Much tv* 
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Speculum* Directions for making die bell compofition foi the metals of refit Cling iQtc - 
fcopes ; together with a defcription of the procels for grinding, polifhing, and giving 
the great fpeculum the true parabolic curve, p. 296. See Tele/copes . 

Spheroid, How the joint centrifugal force of the particles of a fpheroid or cylinder, 
having a rotatory motion about any momentary axis, is computed, p. 289—295. 

Spouts . Water-fpouts occafioned by eleClricity, p.141. 

St. Feted s church at Rome, its height determined by the barometer, p. 582. 

Stedman , Dr. John, on the degrees and quantities of wind lequifite to move the heavier 
kinds of wand machines, p. 493 — 503. 

Steel. A fleel-pendulum-rod dilates much more than one of folid-glafs, p, 698, 699. 

Stems of trees, the ufefulnefsof wafhing and rubbing them, to promote their annua! in- 
ereafe, p. 12. S zq Trees. 

Stewart, John, Efq. his account of the kingdom of Thibet, p. 465, See Thibet. 

Sting. , none in drones, p. 25, 26. 

Strange, John, Efq. extraCi of his letters j with the Abbe Jofepli To al do’s letter to him, 
giving an account of the tides in the Adriatic, p. 144 — 161. 

Subfiance . An account of a hard fubfiance extracted from a woman’s groin, p. 461: — 
463. Caufed by a peg of wood which ihe had fwallovved fixteen years before, 

‘ p. 462, n . 

Sun , its aCtion on the motion of the earth’s axis confidered in fome mathematical arti- 
cles, p. 267 — 288* How the joint centrifugal force of the par tick a of a fpheroid or 
cylinder, having a rotatory motion about any momentary axis, is computed^ 
p. 289—295. 

Swammerdam , on the propagation of bees. p. 16. 18, 

T. 


Tables* 

Obfervations on the electricity of the atmofphere, p. 50. 

Experiments with Mr. Hemming’s eleCtrlcal cylinder, /or fome days after ufmg it, on 
the balls of Canton’s electrometer, p. 109—1 13. 

EleCtricky of various fubftances difeovered by a fimple eleCtrical apparatus, 
p. 122 — 126, 

Concerning the tides in the Adriatic, p. 151. 153. JEflus medius annorum, 1751 — 
175 3 et 1760 — 1769* p. 155. jEitus medius ratione fllus Lunse, p, 158. Tabula 
aeltus marls, fecundum xi 1. figna zodiaci, quatenus refertur ad Lunam, p. 160. 

Concerning the difference of longitude at Paris and Greenwich, refulting from the 
eclipfes of Jupiter’s firft fatellites, obferved during the laft ten years 5 with a com- 
parative table of the correfponding obfervations oi the firil fatellite, male *m the 
principal obfervatories, p. 163. 163. 167. 170—186. 

A comparative view of the evaporation, rain, winas, and temperature of the air, dur- 
ing the year 1772, at Liverpool, p. 247. 
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Compare; he view of the fame for the year 1773, p* 2 j8« 

IFmpmauve view of the fame for the year 1774, p. 249, 

Comparative view of the fame for the year 1775, P* 2 5 °* 

ituie of the barometer, thctmoineter, with what rain fell, at Lyndon in Rutland* 
doling the )ear 1776, p. 350. 

State of the barometer at Ihillol dming the year 1776, p. 3 93 . 

An abridged tabic of the winds, &c. for DrilloJ, for the year 1776, p* 354. 

Meteorological journal for the yevr 1776, kept at the ho ufe of the Royal Society, 
p.357. State of the thermometer without and within, of the barometer, rain, 
winds, and weather, for January, p.358, 359. For February, p.360,361. 
For March, p. 362, 363. For April, p* 364, 365. For May, p. 366, 367. For 
June, p. 36 G s 369, For July, p. 370, 371. For Augufi, p. 372, 373. For Sep - 
t ember, p. 374, 37$. For October, p, 376, 377. For November, p, 37S, 379* 
For December, p, 380, 381. Greatefl, lcaft, and mean height of the thermometer 
without and within, and of the barometer, with the quantity of rain, in each 
month throughout the year, p. 382, Variation needle, p. 383. Dipping needle, 
p, 384. 

Barometrical obfervatlons determining depths and heights, p. 410 — ^49* 

The proportion of winds of the fccond degree and upwards, to thofe of the firfl and 
below, for five years, p. 502. 

*j he proportion of fluids of the third degree and upwards, to thofe of the fccond and 1 
below, for five years, p. 503, 

Barometrical obfcivations to afeertain the height of mountains, p. 518* — 33 r. 

Obfervatlons on the expanfion of air, p« 563. 

S Accepts and tables for calculating any nccefiible heights or depths from barometrical 
obfervation s, p* 571 — 597. 

Experiments with an air-pump, p. 628 — 635. 638. 641. 645, 646* 

Rate of Kxpanfion of a column of quickfilvcr in the tube of a barometer, 
p. 682* 

The equation to be applied to the obferved height of quickfilvcr in the barometer, 
from 1 3 to 31 inches ; and for differences of temperature extending to 102° of 
Fahrenheit; whereby the column is reduced to die height it would have Food 
at in the temperature of 32% p- 687* 

Thermometrical compared with manomctrical fpaces, p. 697* 

Kcfults of experiments on the expanfion of air, whofe mean denfity was equal to 
two and a half atm'ofpheres, p. 700* 

Refill ts of experiments on the expanfion of air of the denfity of five-fix tbs of the com- 
mon atmofphere 5 and of others on air that was extremely rare, being only preffed 
with about one fifth of an atmofphere, p, 70X* 


Refolt 



I 8 99 


licit; Its of experiments on the expansion of air of ue djirlty of the Common aUi,oi- 
phere, p. 703. 

Expansions for intermediate temperatures, p* 704. 

Refuhsof experiments on the exp an non. of air, artl'lekJIy moiflened, by the aumiflo. 

of Hearn, and feme times water, into the bulb of the manometer, p. 705. 

Heights determined geometrical iy, p. 7 17, 78 1. 

The equation depending on die temperature cf the column of air, its elevation 
above the fea, a: denoted by the mean height of mercury in the infeiior and fin 
perior barometers, p. 771. 

Computations of barometrical observations made on heights in and near London, 
P- 773 * 

Computations of barometrical obfervations made on heights near Tav budge, near 
Perthfhirc, and of thofe near Lanark, p. 773. 

Compulations of barometrical obfervations made on heights near Edinburgh, p. 777, 
Computations of barometrical obfervations made on heights near Lin ho life ; and of 
thofe near Carnarvon in North Wales, p. 779. 

Computations of part of Mr. Be Luc's barometrical obfervations, anfvvering to the 
coldeit and hotted temperatures of the air, 23.781 — 784. 

Computations of barometrical obfervations made on heights that have not been de- 
termined geometrically, p. 7O3. 

Computations of Mr. Booguer’s barometrical obfervations in Peru, p, 787, 

For a Jj airing the boiling point of thermometers, p. 834, 
for ad ju fling the freezing point of thermometers, p. 856. 

Tails, Remarkable cow* tails produced in the kingdom of Thibet, p. 484. To what 
ufe they are applied, p. 484, 483. . The beafl deferibed, p. 484. 

Tar and lamp-black, or lamp-black and oil, have preferved the parts of mails o; fhips 
which were covered with it from injuiy by lightning, p. 83, 86. A cuiious ia- 
ilance of this kind, p. 85 — -89. 

Tarpeian Rock at Rome, its height determined by the barometer, p, 384. 

Tatars, heathen, who the great object of their adoration, p. 474 — 476. 

Trp’/kvTv, in Perth fh ire, computations of barometrical obfervations made on heights 
near theie, p. 775. 

Tayjhco Lama of the kingdom of Thibet, forne account of him, p. 46S. 473. 479 — 48 :» 

Tran Hat ion of his letter to the governor of Bengal, foliciting a peace, p.489—402. 

T Jr/copes » Direflions for making the bell compofuion far the metals of reflecting tele- 
i copes ; with a defeription oi the procefs for grinding, poli firing, and giving the 
great fpeculum the true parabolic cur\c, p. 296. Enquiry concerning the compo- 
sition for the fpecula of receding teldbopes, p. 297 — 301. How to make the bell 
metal for this purpofe, p. 302, 303. Four tools only neccfliiry for grinding and 
polifhing it, p, 304. Of rough grinding the ipeciihmi, p, 304 — 306. The manner 
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of forcing the brafs -grinding tool, p, 306, 307, How to form the bed of hones, 01 
the third tool, p. 307, 308. The manner of forming the bruifer, p* 30S, 309. How 
to procure wafhed emery for the working of theft* tools, p. 309, Of grinding the 
fpeculum, the brafs tool, and the bfuifer together, p. 309 — 31 1. The manner of 
figuring the inetrl upon the hones, p. 3x1 — 316. Remarks on MefTrs. Hadley and 
Molyneux’s method of polifhing the fpeculum,, p* 318 — 320. Experiments which 
led to a certain and eafy method of giving an exquifite polifii, and a correct para- 
bo 1 ic figure to the metal at the fame time, p.,321 — 327; How to poll (lx the fpe- 
culuin, p. 337 — 333. How to give the parabolic figure to the metal, p. 333 — 333. 
To try the true figure of the metal, p. 338 — 341. Farther remarks on the proccfs- 
of polifhing the fpeculum, p.341 — 343. Ted of a good telefcope, p. 343, 344* 
Sir Ifaac Newton fir ft propofed the polifhing with pitch, p. 344, Suppofed to be 
the only fubftance in nature that is perfectly calculated for that purpofe, p. 345. 34,7. 
Prccefs for polifliing the little fpeculum, ibid. A new method of foidering the piece 
of brafs to the back of the little fpeculum, p. 346. Explanation of the figures omthe 
plate, p, 348, 349. 

Thwy* Anew theory of the rotatory motion of. bodies aifedled by forces difturbing 
fuch motion, p. 2.66c 

Thermometer* fate of it* at Lyndon in Rutland, during the year 1776, p; 350. State of 
it without and' within in London, for each month throughout the fiime year, 
P* 353 — 381. Greateft, lead, and mean height in each month, p. 382. The report, 
of the committee appointed by the Royal Society to confider of the belt method of 
adjuring the fixed points of thermometers 5, and of the precautions- neceflary. to be 
ufed in making experiments with thofe inftruments, p.. 816. The quickfilver in the 
tube and in the ball fhould be of the fame heat, and the ball not immerfed deep In* 
the water, p, 818. 833. Method of obtaining thefe requifites, p. 8r£. Experiments 
to determine the boiling point of thermometers, p, 818 — 833. Of the difference of ? 
cxpattfion of theglafr tube and the fcale, p, 834^ Concerning the corre&ion necef- 
fury to be made when the quickfilver in the tube is of a different heat from that in 
the ball, p. 8 3 £—844. Rules to. be obferved in adjufting the boiling point, p. 845—. 
8^4* On the freezing point, p.856, 857. Precautions neceflary to be obferved in, 
making obfemtions with thermometers, p. 857... 

T hi let* or Boatm , an account of the kingdom of, p» 465, Hardly known to Euro- 
peans, ibid* It* fi nation, p. 466. , The war which led to a farther difeovevy of this . 
country, p. 467* The Europeans and Boutaners firft meet at the attack of Gooch- 
, Behar, ibid. Both greatly furprized, at meeting with fuch a race of men, p, 467^ 

, 468* The Boutaners conquered by the Europeans, fue for peace, p. 468. The 
governor of Bengal grants a peace, and enters into a treaty of commerce with 
them, p. 468, 469, Defcription of the country, p.469 — 471. Of the inhabitants, 
jg, 47% 472* Their drefs, p. 472, Food, p, 472, 47.3, Their religion and poli- 
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tics, p 47}— 479. Some account of their buildings, p, 479. Of its capital and 
trade, p. 481 — 487. Tranflation of a letter fiom the TayJhoo Lama to the gover- 
nor of Bengal, folicking a peace, p, 48 9 — 492, 

Them, a portrait of Copernicus in the great church there, p. 34. 

Tides*. An account of the tides in the Adriatic, p. 143* — i6i» 

Time, the Bra mi ns method of reckoning it, p. 606. 

Tcaldo, the Abbe Jofeph, his account of the tides in the Adriatic, p. 143 — 161, 

Tonxnlejy Mr. his obfervations on the annual fall of rain between Lancafhire and York- 
ihire, p. 253, It exceeds that at Liverpool, ibid. An error in £xing his rain- 
gage, ibid. 

Trees. On the ufefulnefs of walking and rubbing the Hems of trees, to promote their 
annual increafe, p. 12. Tree cleared of mo fs and dirt with water and a brulh, ibid** 
Walked with a coarfe flannel, ibid. Walkings frequent in dry times* ibid. FIou- 
r Idling Hate of the walhed tree compared with others of the fame nature* 
p. 12 — 14. Defcription of the Jefuits’ Bark-tree of Jamaica and the Caribbees*, 
p. 504 — 506. Defcription and ufe of the Cabbage-bark tree of Jamaica* 

P* 507—312, 


Y, 

Vapour , its efFeti in experiments with the air-pump, p, 625, &c. Its efFe&in the ex> 
panHon of quickfilver, p. 670, &c» 

Vapours, the atmofphere of Peru coniiantly obfeured with them during part of the year, 
and the whole country involved in thick fogs, p, 257, 258. 

Varnijb . An ele&rical experiment on a phial, the inlide coating of which was Hack 
with varnifh, p. 398, 399. 

Viverra Putoribus , a fpecies of pole-cat, found in Africa*, p. 40. 

Volcanic-hill* an account of one near Invernefs, p, 385. Named Creek Faterick, or 
Peter’s Rock, p. 386. Defcription of it, p. 386, 387. Evident marks of its having 
been a volcano, p. 386, and* 387 n . No crater could be difeovered, p. 386, 387 
Another hill nearDingwal, in this country, fuppofed to be volcanic, p, 387. 

Vbltds electrical machine, experiments and obfervations on it, with remarks, p. 1 16— • 

1 1 8. Experiments on his plates, commonly called a machine for exhibiting per- 
petual electricity, p. 389 — 392% 

v W. 

Wargeniin, Mr- Peter, his letter concerning the difference of longitude of Paris and 
Greenwich, refulting from the eclipfes of Jupiter’s fsrHfatellites, obferved during the* 
laft ten years; with a comparative table of the correfponding obfervations of the Hril, 
fatellite, made in the principal obfervatories, p. 162 — 186. 

Wajbing and rubbing the Hems of trees increafe s their growth, p.xs— 14* 
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7 Mr, ■ Air an a&ive {olveht of water. In proportion fco its drynefs, p, 24J— 2-57. 
Heat, another caufe of the evaporation of water, p. 257. Water may exiit in air . 

'3 si three Hates, ibid. Remarks on thefe different Hates of water exiting in air 
p. 2 - * — 2*9. Water heavier than air, p. 560.. On the exhalation of water in Lon- 
don, p. 252* And at Ddib in Holland, ibid. Annua! evaporation from water fix : 
times as much' -as itisfronr the -earth, p- 253. • The- waters of the Ganges held hi L 
•fvre’at veneration by the -ILibetians, p. 478, Method of failing pine apples In water, > 
p. 64 9— 65 • 

Water- cohurs, elearical experiments thereon, p. 392— 394. ; 

Water- /pout* occafioned by electricity, p. • 141* 

JftftfoK, Mr, Henry, and Dr. Hunter, their account of Dr. Maty’s iilnefs, and of- the . 
appearances in the dead body, p. 60S — 6 c j. 
lj 'ax, great quantities loll yearly for want of bees to colledl it, p. 31, 32. Eerfons 
loaning liicks of wax frequently di looser define ertraflion , p. 94, n. Sealing-wax: 
tht* bell: coating for g h (A plates in clc&rical experiments, p, 389, n* 

We at Ur, general Hate of it at Lyndon in Ruikmdfhire during the year 1776, p, 351, 
352. Monthly account of it in Briilol for the Am® year, P-354 — 356. State or the 
weather in London for each month throughout the fame year, p. 358—381. 

//1/7, Ihomas, dip his account of a volcanic-hill near Invernefs, p. 385, See Volcanic* 

ha 

Wild but hhvesy how men are concluded “to diem by the honey-guide, a curious fpecles 
of cucfcow, p. 43 — 45. Sec Ctickomjn 

IVinth » a comparative view of them at Liverpool, during the years 1772, 1773, *774? 
and 1775, p. 247 — 250. An abridged view of the winds atBrifiol, for the year 1 776, 
p. 3 54. State of the winds ,111 London for each month throughout the fame year, 
P* 358 — 381, Of the degrees and quantities of winds requifite to move the heavier 
kinds of wind-mat hines, p, 493. The proportion of winds of the fecond degree and 
upwards, to thole of the fibril and below, for five years, p. 502, The proportion 
of winds of the third degree and upwards, to thofe of the fecond and below, for five 
years, p, 503* Kftctt of winds on the barometer, p. 751 — 7 53. 

Wh;d*madAm* Of the degrees and quantities of winds requifite to move the heavier 
kinds of wind-machines, p. 493 — 503, 

Wolf] Dr, an account of the portrait of Copernicus, prefer* ted by him £0 the Royal 
Society, p» 33. See Copernicus* 

Woman* An account of one in the (hire of Kofis, living without food or drink, p, 1. 
The difordcr brought on by epileptic fits, p, 2, 3. Her eye-lids loll their natural 
power, ibid. Menjis di Appeared, and Hie monthly difeharged blood from her mouth 
andhofe, ibid. Took to her bed, and rcje&ed food, p. 3* Totally refilled food 
.and drink, and her jaw became fall-locked, ibid. Loll her fpeech, p. 4, 5, Scniible 
M every thing that was fald or dpne, p. 5. Swallowed nothing but two draughts of 
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water for four years, ibid. No evacuation by flool, and fcarcely any by urine. for 
three years* p. 5, 6. Her pulfe diilind and regular/ flow and fin all, p. 6. Coun- 
tenance clear and pretty frefh, and her features neither disfigured nor funk, ibid. 
Her body felt like that of a healthy young woman, ibid. Her knees bent/and iiam- 
ilrings tight as a bow-firing, ibid. She deeps much and quietly, but keeps a con fane 
whimpering when awake, p. y. Ker mouth foft and moiit, ibid. State and con- 
dition of the patient five years after the above account was taken, p. 8. A few 
crumbs and a little moiflure her only fadenance, ibid. Jaws dill fall-locked, and 
fhe never attempts to fpeak, p. 9. Her ham- firings tight as before, and eyes fhut, 
ibid. Her whole perfon rather emaciated, ibid. Still fenfible and tractable in every 
thing, ibid. Great improvement in her looks and health, p. 11. Takes more food, 

ibid. The account of this woman authenticated, p. 10, 1 u An account of a. 

hard fubilance extruded from a woman’s groin, p. 461 — 463. Catifed by a peg of 
wood which fhe had fw allowed fixteen years before, p. 462. n . 

Wood. An account of a hard fubilance extracted from a woman’s groin, caufed by a 
peg of wood which fhe had fwallowed fixteen years before, p. 461—465. The effect, 
of box- wood in, experiments with the air-pump, p, 626, &c. 

Wool. An account of the fine wool from which the fhauls are made, p, 485'. Produced 
from a Thibet fheep, ibid. 

Worm-hark tree of Jamaica, its description and ufe, p. 507—512. 

Wright^ Dr. William , his defeription of the Jefuits* Bark-tree of Jamaica and the Carib- 
bees, p. 504 — 506. His defeription and ufe of the cabbage-bark tree ef Jamaica, 
p* 507 512*. 


The End of the SIXTY-SEVENTH Volume, 



'the Number of P l a t e s In this Volume is Twent v. 

The fecond, containing two different fubj efts, is marked Tab. II. at 
the Top, and Tab. III. below. The drawing of the eleventh 
Plate, having been fent in too late to be numbered in the regular 
feries, is marked Tab. X. 

The letter-prefs tables fhould be bound in upon guards by the middle, 
to avoid any folding out ; and in thofe which muft be looked at 
fide-ways, the page fhould lie towards the right-hand. 
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ERRATA, 

Page Line < ‘ 

589 9. for commmunicate, read communicate, 

85, 15. for XL VIII, WLIV. 

1285 , 4. from the bottom, for te and not all” read <l and mot at all?'' 

231, 16 and. 1 7. for (as the millers term it when no Iron is concerned) read (as tht M 

millers term it) where no iron is concerned • 

162, 6* for Satellites, read Satellite. 

165, 9.. for ineptats, read ineptas 

258, 3, from the bottom, for but, read long 

258, 2* from the botttom, for long, read bat 

354, 2. for the year 1775, read the year 1776. ■ 

475, 13, for creduiiiity, read credulity 

518,* 7* from the bottom, for — —-read — l — a 

2COO 20, COO 

£< 9 > 7 - fir 233 °, l S" read 233 ° Si' ‘ 5 " 

520, 4. infcrt A. chy 4th obfervatio:i=9°, 59', 38', ifc 

521, 2: for mountains, mountain. 

522, 2* /r corredl for the fignal 59^, read 5 f* 

530, 5. /or 27,7025, reW 25,7025 

541, 4. fr above at C. read above at B. 

545, 11. for correal height in fathom 686,619, read 685,629 .* 

546, 8. for difference of Log. 654,157, ^£7654,109 . 

547 > 5I * fi r P- 55 6 )* (i» P- S 3 2 ) 

556, 17. /w- two, m^too 

560, 1. feet, grains' 

18* for 13358,5, read 13558,5. 

562, 12. /»r barometer, manometer ; 

„ * .. qjxZIg a ' 

568, 5* from the bottom,/r T — S X & — £ — — x, read f = S — 

569, 19. dele the femicolon after quantity, and infcrt it after in dance 

578, 5. from the bottom, for the attached Therm, read the two attached Therm* 

585, 2. read, fee p. 574 and 567 

In the column for 25 inches, and, again!! 2 1 for 53,2, read 5.3,1 
5E6, 3* add, fee p. 5 68 and 569 

In the 4th Col* of the table at the top, fat i6 s xo, read 15; xo* 
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Page Line 

5 S7» in the 2d col, again# 19,90, for 12337,03 read 123 77, S’ 

20 , 70 , for 11330,0, read 11350,8 • 

5 8 8, 30,4^ , for 1 23 (),d, x 3 3 6, 6 

In the la# col, 81,0, r<W8i,8. 

39^, 2* for uppermoil, tend approximate 

In plate XL Id col. of the table of the zP and Tides of the A* for End of the bafe \, a fc 
lead E'id, of the hye % 1.2. 

In the fmall fcale of feet at the fide of the fedcitm of the mountains for 1500,' read 
15000 feet. 

608, 3. for July, read Auguft 

6 2 8, 4. f rom the bottom for 1 5 9, r*W 152 - 

642, 13. /w* pi lions were, wef pi don was 

6158, to. fr plate XV i. read plate XXL 

66 2 , 5. /.r plate XVII. read plate XV II 

683, 15. after inverfe, irjhi ratio, 

685, 5. a point /?Ar unaltered* jthd for but that In, read But in* 

70;, Tab. IV. 9th expeument, column *32° to 152 0 , for 9,14350, read 9,145.5®* 

7 jO, At the end of the note, Barometer, read Barometers 

777, 1774. December to, weight of quickfilver to air, for 1 1 445, read 10445® . 

781, 1 3th Station, obfemd fuperior barometer, for 23,6914 read 25,961 

785, 3d Obicfrvaticm 1 at Belmont Caftle, inferior equated barometer, for 29, 6$, 
read 29,664 

Sig, 7. for were the fhort, were iho U 
Si it, 5. J&r 1$ read t 6 « 




